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PREFACE. 



This translation of Classen's work has been made 
with a view of presenting to the American student of 
Chemistry a compact and thoroughly useful manual of 
quantitative analysis. 

The aim of the author has been to teach this subject 
by means of examples — commencing with simple deter- 
minations followed by separations, including quite a 
number of important alloys, and then advancing to the 
analysis of minerals and such products as are met with 
in the many departments of applied chemistry. The 
methods employed in the various determinations and 
separations are such as can be used at all times — care 
having been taken to exclude all that have but a very 
limited use, and such as have proved on trial to be 
devoid of practical merit. 

This work has been adopted as a text-book in the 
laboratories of almost all the prominent German univer- 
sities and polytechnic schools, and has takenrai<k by 
the side of the older and larger works on the same 
subject. Among practical chemists, too, it has qu;t^ 
an extensive circulation. In France, Russia, aiid 
Poland, where translations have appeared, it hag been 
no less favorably received ; and in this country, with 
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those who have employed the work in the original as a 
guide in laboratory instruction, it has become quite 
popular and been very highly commended. 

Here and there throughout the work the translator 
has taken the liberty of making additions ; these are 
distinguished from the original text by being inclosed 
in brackets. 

To all who kindly furnished suggestions and methods 
in reply to letters and specimen sheets issued more 
than a year ago, the translator would return his sincere 
thanks. 

Laboratory op the University op Pennsylvania, 

August, 1878. 
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aUANTITATIVE ANALYSIS. 



Calcium Carbonate. 

Calcite — Marble — CaCOj. 

Merely the estimation of the calcium will be here 
required.* For this purpose 0.3-0.4 grm. of the pulver- 
ized substance, previously dried at 100° C, are placed in 
a beaker of about 200 C. C. capacity, and solution effected 
by the addition of dilute hydrochloric acid. The acid 
solution is largely diluted with water, and to this ammo- 
nium hydrate is added until the liquid yields an alkaline 
reaction. The calcium is now precipitated as oxalate. 
To the warm solution is added ammonium oxalate in 
moderate excess, and the beaker then put in a warm place 
until the precipitate has fully subsided, which will require 
at least twelve hours. After filtering off the calcium 
oxalate wash it perfectly with hot water, and, when dry, 
convert it either into carbonate or oxide. To estimate 
the calcium as carbonate heat the bottom of the crucible 
containing the oxalate to faint redness for about five 
minutes. After cooling weigh, and then moisten the 
residue with a few drops of ammonium carbonate to con- 
vert into carbonate any caustic lime that may have been 
produced. This operation must be repeated until a con- 

* The determination of carbon dioxide in carbonates will be 
discussed on p. 33. 
2 
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stant weight is obtained. For the conversion of the 
calciam carbonate into oxide ignition over a blast lamp 
is ail that is necessary. Constant weight, however, must 
be obtained. Ignite at first but ten minutes, then notice 
whether upon continued heating the weight diminishes. 
CaCO, : Ca : : wt. CaCO, : x or 
CaO : Ca : : wt. CaO : jr. 



Copper Sulphate. 
CuSO, + 5H,0. 

Copper Determination First method. Dissolve about 

1 grm. of the above salt in water, and bring the solution 
to boiling in a porcelain dish. Sodium or potassium car- 
bonate is now added in slight excess, and the ebullition 
continued for some time. When the precipitate has sub- 
sided the clear supernatant liquid is decanted, and hot 
water poured over the precipitate and this again boiled. 
This operation is repeated until almost all the alkali pre- 
sent has been removed, and the precipitate then transferred 
to a filter and washed with boiling water. Continue the 
latter operation until a drop of the filtrate evaporated upon 
platinum foil no longer leaves a residue. After drying 
the cupric oxide thus obtained separate it carefully from 
the filter and place it in a porcelain crucible. Tlie filter 
itself is incinerated upon the crucible lid. The crucible 
with its contents is ignited over an ordinary Bunsen lamp 
until the weight remains constant. 

[Second method. After dissolving the salt in water 
pass hydrogen sulphide gas through the acidulated solu- 
tion. The copper is precipitated as sulphide, and, after 
standing a short time, may be transferred to a filter and 
slightly washed. The dry precipitate is placed in a pla- 
tinum crucible, the filter ash added, and then upon this 
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are placed a few drops of concentrated sulphuric acid, an 
equal amount of water and a small portion of strong nitric 
acid. 

The crucible is gradually heated upon a hot iron plate 
and the excess of acid evaporated, leaving finally pure 
copper sulphate, which may be weighed as such ; or, the 
crucible is heated strongly over a Bunsen burner and 
cupric oxide formed. The crucible should be covered 
during the operation, and the salt stirred from time to 
time with a platinum wire. The method was proposed 
by Dr. Genth, and affords accurate results. The amount 
of copper in cupric oxide is readily calculated from the 
formula — 

CuO : Cu : : wt. CuO : x."] 

Sulphuric Acid Determination, — This is based upon 
the insolubility of barium sulphate in hot water and 
strongly diluted acids. The acid in this compound is esti- 
mated by dissolving about .5 grm. of the salt in water, 
acidulating the solution with a few drops of hydrochloric 
acid and boiling. Barium chloride is added as long as a 
precipitate of barium sulphate is formed, and the solution 
boiled and stirred for some time after complete precipita- 
tion has been effected. Proceed as above described, when 
the barium sulphate has settled, washing the precipitate 
upon the filter with hot water until silver nitrate produces 
no turbidity in the washings. The dried precipitate is 
treated the same as the cupric oxide. The barium sul- 
phate obtained in this manner generally contains weigha- 
ble quantities of barium chloride — which were not removed 
by washing; therefore digest .the weighed precipitate with 
dilute hydrochloric acid, filter through a small filter, and 
again wash the precipitate perfectly with hot water, by 
decantation, ignite and weigh. 
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The barium sulphate that adheres to the filter will be 
reduced upon ignition to barium sulphide, and render 4;he 
results too low. This may be avoided if the precipitate, 
before weighing, be evaporated to dryness with a few 
drops of sulphuric acid. 

Water Determination, — Copper sulphate, heated some 
time in an air-bath at 120° C, loses only four molecules 
of its water of crystallization. To expel the fifth it is 
necessary to increase the temperature to 250° C. To pre- 
vent the anhydrous salt from attracting moisture, it is 
advisable to employ a well-closed glass tube in weighing 
the substance. The difference in the two weighings ex- 
presses the amount of water of crystallization. 



Magnesium Sulphate. 

Mgso, + mfi. 

For the estimation of the magnesium dissolve 1—1.5 
grms. of the air-dried salt in water, and add sufficient 
ammonium chloride so that upon the addition of ammo- 
nium hydrate magnesium hydrate may not be thrown 
down ; add now to this solution sodium-ammonium phos- 
phate,* and a white crystalline precipitate of magnesium - 
ammonium phosphate will be produced. 

When the supernatant liquid has become clear, filter 
and wash the precipitate with a mixture of 1 part ammo- 
nium hydrate (.96 sp. gr.) and 3 parts water, until the 
addition of nitric acid and silver nitrate to the filtrate does 
not produce a precipitate of silver chloride, then dry. 

* If we have employed sodium phosphate for the precipita- 
tion, the liquid should stand at least twelve hours, so that the 
precipitate may separate perfectly. 
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Place the dried precipitate in a porcelain crucible.* 
First the filter should be carefully removed and reduced 
to ash upon the crucible lid. Heat the crucible gently 
and gradually increase the temperature over a Bunsen 
lamp until constant weight is obtained. If the color of 
the precipitate after ignition is not pure white, moisten it 
with a drop of nitric acid, and again ignite. The residue 
is magnesium pyrophosphate. The amount of magnesium 
is determined from the equation — 

Mg,P,0, : 2Mg : : wt. Mg,P,0, : x. 

To estimate the sulphuric acid proceed as directed 
under Copper Sulphate. The amount of water is ascer- 
tained by drying a weighed portion of the substance at 
210° C. until the weight is constant. 

Barium Chloride. 
BaCl, -f 2H,0. 

The barium is determined as carbonate. Dissolve 0.5 
grm. substance in water, add ammonium carbonate in 
slight excess, and digest gently for some hours upon a 
sand-bath. Wash the precipitate with water containing 
ammonium hydrate, dry, and ignite gently over a Bunsen 
lamp. 

The barium can also be determined as sulphate by pre- 
cipitating the solution acidified with hydrochloric acid 
with sulphuric acid. (See the determination of sulphuric 
acid in Copper Sulphate.) 

Chlorine Determination, — Add silver nitrate to the 
w^arm solution of the substance (previously acidified with 

* It is not advisable to employ a platinum crucible, because, 
by an incomplete incineration of the filter, phosphoric acid will 
be re<iuced, and probably cause an injury to the crucible. 

2* 
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nitric acid),* stir the liquid continually with a glass rod, 
which aids in uniting the particles of silver chloride, and 
the supernatant liquid will become clear much sooner. 
Filter and wash the precipitate with hot water by decan- 
tation (until no silver reaction is produced in the filtrate) ; 
finally, bring the same with aid of a feather upon the filter. 
After drying separate the precipitate as well as possible 
from the filter, and place it in a porcelain crucible. The 
filter should be ignited alone upon the inverted cover of 
the crucible. The particles of silver chloride adhering to 
the filter are readily reduced in this operation to the me- 
tallic state, and should be again converted into silver 
chloride. To this end moisten the ash when cool with a 
few drops of nitric acid, warm gently, and add a drop of 
hydrochloric acid. Evaporate the liquid carefully, place, 
the inverted cover on the crucible, and apply heat until 
the contents of the latter begin to fuse. Instead of fusing 
the silver chloride, it can be placed on a filter dried at 
120^ C, and then dried at the same temperature until the 
weight remains constant. As silver chloride is readily 
(Untomposed by direct sunlight, it is advisable to exclude 
this as much as possible during the precipitation, etc. 

AgCl : CI : : wt. AgCl : x. 

The amount of water in the salt is easily determined by 
glowing a weighed portion of the barium chloride. 

Zinc Sulphate. 
ZnSO, + 711,0. 

Determination of the Zinc as Oxide. — Tlie aqueous 
solution of the substance (about 1 grm.) is brought to 



* Never acidify the hot aqueous solution first with nitric acid 
and then add silver nitrate, because li^drochloric acid will 
always be volatilized. 
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ebullition in a porcelain dish,* and sodium carbonate added 
gradually in excess. Continue boiling some time and then 
filter off the clear liquid. Pour hot water upon the residue 
and again boil. Repeat this operation until a drop of the 
filtrate leaves no residue on platinum foil when evaporated 
to dryness. Dry the zinc carbonate, and, having incin- 
erated the filter upon a porcelain lid, convert the carbonate 
into the oxide by heating the porcelain crucible containing 
it over an ordinary lamp.f 

Detei^mination as Zinc Sulphide, — Add ammonium 
nitratej to the diluted liquid, then a few drops of ammo- 
nium hydrate, and precipitate the zinc from its solution 
while warm with ammonium sulphide. The supernatant 
liquid should not be filtered off until the zinc sulphide has 
fully subsided, which will be hastened by standing in a 
warm place. Wash the precipitate by decantation with 
water containing a few drops of ammonium sulphide and 
ammonium nitrate. To weigh the zinc sulphide as such 
it must be ignited in a stream of hydrogen gas. The 
apparatus shown in F'ig. 1 is employed for the purpose. 

The hydrogen gas streaming from the spherical appa- 
ratus is dried by passing first through calcium chloride and 
then through sulphuric acid. To prevent explosions a 
small glass tube is placed between the crucible and sul- 
phuric acid ; it contains fine wire pressed in cotton 
(Fresenius). The dried precipitate (the filter having been 

* If the precipitation occurs in glass vessels, or a porcelain 
dish of poor quality, the zinc carbonate will invariably contain 
silicic acid and alumina. These will remain behind when the 
precipitate is dissolved in hydrochloric acid, and the liquid super- 
saturated with ammonium hydrate. 

f Always examine the zinc oxide for alumina and silicic acid, 
and deduct the same. 

J The addition of ammonium nitrate hastens the precipitation 
of the zinc sulphide. 
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incinerated on a iilatinum wire) is placed in an ungliued 
porcelain crucible (Rose's cnicible), mixed with powdered 
sulphur, and covered willi a pcrtbniied porcelain l!di 
tlirough which a narrow tube pasgi^, conducting Iiydrogeo 
gas into the crucible during the if^nition over an ordinary 
lamp. Heat of course must not be applied until all the 
air JiiU! been ex[>clled fi-om tlie a|>paru[ii(« and crucibli 




* llose suggests a platinum covdr. Thifl iit not to im iv 
mended, because the hydrogen gas geucriilly employed ir 
opHratJou contains hydrogen areeuide, which woulil in u 
short perioil nttii'b the platinum nnd rcmlt-r it iist'li's-. 
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After ignition for 5-10 minutes, allow the crucible to cool 
in a stream of hydrogen gas. 

For the determination of the water of crystallization, 
heat a weighed portion of zinc sulphate at 220° C. until 
the weight remains constant. 

The sulphuric acid is determined as directed on p. 15. 

Manganous Chloride. 

MnCl, + 4H,0. 

Determination of the Manganese as Protosesquioxide, — 
Precipitate the hot aqueous solution of the salt (1 grm.) 
contained in a porcelain or platinum dish with an excess of 
sodium carbonate, and treat the precipitate of manganese 
carbonate in a manner similar to that described above in 
the determination of zinc. The filtrate invariably holds 
in solution minute traces of manganese carbonate. For 
the separation of these, evaporate the solution to dryness 
in either a platinum or porcelain dish. Boil the residue 
with water, and bring the slight precipitate of manganese 
protosesquioxide upon a separate filter. Both precipitates 
when dried are placed into a platinum crucible and ig- 
nited with free access of air, whereby the manganous 
carbonate is converted into manganese protosesquioxide. 
As free alkali almost invariably adheres to the first, it is 
weU to wash the ignited residue with hot water. The 
aqueous solution is passed through a small filter, which is 
dried and incinerated, and added to the portion contained 
in the crucible. 

Determination as Manganese Sulphide, — The precipi- 
tation like that of zinc is effected by ammonium sulphide. 
Instead of adding ammonium nitrate to the solution, we 
can use the chloride, and wash the manganese sulphide 
with water containing ammonium chloride and ammonium 
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sulphide. The manganese sulphide mixed with sulphur 
must be ignited over a blast lamp in a stream of hydrogen 
gas, as it retains some of the sulphur very readily. It is 
also absolutely necessary to allow the manganese sulphide 
to cool in a stream of hydrogen gas, because, if exposed to 
the air while warm, it will be readily oxidized. 

To estimate the chlorine present, precipitate a solution 
of the salt (0.5-1 grm.) with a solution of silver nitrate, 
and proceed as directed above under Barium Chloride, etc. 

Estimate the water by drying a weighed portion of the 
substance at 150° C. until the weight becomes constant. 

Cobaltous Chloride. 
CoCl, + 2H,0. 

Determination oftheCohalt as Metal. — The aqueous solu- 
tion of the salt (1 grm.) is placed either in a porcelain* 
or platinum dish, and brought to boiling. Add sodium 
hydrate in slight excess, and continue boiling until the 
hydrate of cobalt has assumed a brownish-black color. 
When the precipitate has fully subsided, filter off the clear 
fluid, and wash by decantation with hot water until the 
presence of alkali can no longer be detected in the fil- 
trate. 

The cobalt oxide is converted into metallic cobalt by 
ignition in a stream of hydrogen gas. (See p. 20.) 

The last traces of alkali that may adhere to it are re- 
moved by washing with hot water. The residue is again 
ignited in a stream of hydrogen gas. 

Determination as the Nitrite of the Sesgui oxide of 

Cobalt and Potassium Mix tlie concentrated solution of 

tlie salt with an excess of sodium or potassium hydrate ; 



* A glass vessel must not be used here. 
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add sufficient acetic acid to redissolve the precipitate that 
may be at first produced by these reagents, and then mix 
in a concentrated solution of potassium nitrite acidified 
with acetic acid, and allow the whole to stand at least 
twenty-four hours. The nitrite of cobalt and potassium 
is washed with a solution of one part potassium acetate in 
nine parts of water, to which some potassium nitrite has 
been added. Finally dissolve the precipitate in hydro- 
chloric acid, and precipitate the cobalt from this solution 
with potassium hydrate, and proceed as directed above. 

The chlorine is determined as mentioned under Barium 
Chloride, and the water estimated by drying the salt at 
150° C. 

Nickel Sulphate. 
NiSO, + 7H,0. 

For the determination of the nickel proceed as directed 
above in the estimation of cobalt. The nickel hydrate 
is washed by decantation with hot water, and, after dry- 
ing, ignited in a stream of hydrogen gas, and then weighed. 
The nickel thus obtained must be examined for alkali, and 
finally repeatedly washed with hot water (see Cobalt 
Chloride, p. 22). The sulphuric acid is determined as 
sulphate of barium. 

Nickel sulphate dried at 103^ C. loses six molecules 
of water, but the seventh escapes first at a temperature of 
280° C. 

Ferrous Sulphate. 
FeSO^ + 7H,0. 

Determination of the Ferrous Oxide — By boiling the 
aqueous solution of the air-dried salt (1 grm.) with nitric 
acid, the ferrous will be changed to fen-ic oxide, and the 
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(M)n Version iiulioated by the yellow color of the liquid; 
iul<l aininonium hydrate in slight excess, and allow the 
pHMMpiUite of ferric hydrated oxide to subside. Filter, 
wash with hot water by decantation, dry, and ignite in a 
phitinuni t»r |H)rcelain crucible, placed over an ordinary 
hitnp. The tiltor should have previously been removed as 
wt'll jis piK^sil)lo from the precipitate, and incinerated upon 
a phitinum wire. 

Sufpfmrir Arid Deiermtnation — This is determined in 
tho fihrate from the ferric hydrate, by acidifying the solu- 
tion with hydrochloric acid, and precipitating the boiling 
litpiid with barium cliloride. The barium sulphate is 
treated as described in the analysis of Copper Sulphate. 

Water Determination. — The water of crystallization 
contained in ferrous sulphate cannot be estimated by heat- 
in;^ a weighed jwrtion in a crucible at a fixed temperature, 
l)e(UiU8e the fern^us salt gradually passes into the ferric 
state. The drying, therefore, must be effected with ex- 
(*.lusi(>n of air. For this purpose, take a small flask of 
difficultly fusible glass (this flask may be readily made by 
l)l()wing a bulb on the end of a piece of difficultly fusible 
gla88-tul)ing), introduce the substance (0.5 grm.) and 
weigh. The neck of the flask, about 2 cm. from the 
bulb, is drawn out and bent so as to make the whole 
represent a small retort. !Now apply heat to the vessel 
to expel the water from its neck (ferrous sulphate loses its 
water of crystallization at 280° C). AViien aqueous 
vapors are no longer produced, and the retort still hot, seal 
tlie tube, and allow tlie apparatus to cool. After cooling, 
the point of the tube is broken off, and it together with the 
retort ajjain weip;lied.* 



* For the direct method of determining the water, see p. 36. 
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Sodium Phosphate. 
Na,HP0,+ 12H,0. 

Determination of the Phosphoric Acid as Magnesium 

Pyrophosphate, I. Direct Estimation Dissolve 0.5 

grm. of the crystallized, air-dried salt in about 100 C. C. 
of water, mixing with it 10 C. C. of magnesium chloride 
solution, which contains in a litre 101.5 grms. crystallized 
magnesium chloride, 200 grms. aifimonium chloride, and 
400 grms. ammonium hydrate (0.96 sp. gr.).* After the 
solution has stood from three to four hours,! filter off the 
precipitate of ammonium -magnesium phosphate, J and 
wash it with a mixture of one part ammonium hydrate 
(0.96 sp. gr.) and three parts water. Continue washing 
until the addition of nitric acid and silver nitrate produces 
no cloudiness. Dry and transfer the precipitate, carefully 
separated from the filter, to a porcelain crucible. The 
filter should be incinerated upon the inverted crucible lid. 
The heating of the crucible should at first be gentle, in- 
creasing gradually. 

II. Indirect Determination. — Mix the solution of the 
substance (0.2 grm.) in about 50 C. C. of water, with about 
10 C. C. molybdenum solution ;§ and to render the preci- 

* 1000 C.C. of this solution precipitates 35. 5 grms. phosphoric 
acid. 

f If the phosphoric acid solution is more dilute, and there is 
less than .01 grm. phosphoric acid in 100 C.C, a much longer 
period thaft this is recjuired for the complete separation of the 
precipitate. 

J The precipitate is not totally insoluble in water containing 
ammonium hydrate. Instead of washing a long time, use an 
exhaust-pump in filtering. 

§ The molybdenum solution is prepared by dissolving 150 
grms. ammonium molybdate in 1 litre of water. This solution 
3 
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pitation of the phosphoric acid complete, digest the whole 
from four to six hours at a temperature of 50° C. After 
cooling, the precipitate of ammonium-molybdenum phos- 
phate is filtered and washed, either with a molybdenum 
solution (1 :3) or with ammonium nitrate solution, acidified 
with nitric acid (15 grms. salt in 100 C.C. water), and dis- 
solved upon the filter in the least possible quantity of am- 
monium hydrate (1 part ammonium hydrate to 3 parts 
water). Now, mix hydrochloric acid with the ammo- 
niacal solution until the precipitate that was produced is 
gradually redissolved — the liquid is, however, alkaline, — 
and after cooling, precipitate with magnesium chloride. 
The ammonium-magnesium phosphate, as thus obtained, 
very frequently has molybdic acid adhering to it ; to re- 
move this, redissolve and reprecipitate the magnesium. 

Sodium Determination, — To estimate the sodium di- 
rectly, the phosphoric acid must first be removed. Mix 
the aqueous solution of the salt (about 0.5 grm.) with lead 
acetate, as long as a precipitate of lead phosphate is pro- 
duced. Filter off the precipitate and wash it with water. 
The excess of lead can be thrown down by hydrogen sul- 
pliide. The filtrate from the lead sulphide should be eva- 
porated to dryness with hydrochloric acid, the residue will 
contain all the sodium as chloride of sodium. Use a por- 
celain dish for the evaporation. Dissolve the residue in 
a small quantity of water, bring it into a platinum cruci- 
ble, and again evaporate. The chloride of sodium remain- 
ing should be ignited very gently, in a small, well-closed 



is poured into 1 litre of pure nitric acid, of commercial concen- 
tration. 100 C. C. of the latter solution correspond to 0.1 gnn. 
phosphoric acid. The concentration of the phosphoric aci<l 
solution is so arranged that 0.1-0.2 gi'm. are contained in 50— 
100 C.C. of the liquid. 
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crucible. Before ignition the salt should be dried in an 
air-bath, at about 110° C, preventing thus any loss by 
decrepitation. 

As sodium chloride is volatilized by a strong red heat, 
care should be taken to regulate the temperature so that 
the bottom of the crucible is only of a faint red color. 

Water Determination. — Drying the salt at 300° C, it 
loses 12 molecules of water. If the residue is ignited, it 
will be converted into sodium pyrophosphate. 

Separation of Barium from Calcium. 

For analysis a mixture of the carbonates may be em- 
ployed. 

l^^irst Method, — Dr. Frerichs proposes the following 
course, and I have found it to yield very satisfactory results. 

A mixture of the neutral salts is treated with sodium 
acetate and acetic acid, and to this is added a neutral 
solution of potassium chromate, until the liquid above the 
precipitate appears yellow. After several hours' standing, 
collect the precipitate upon a filter, wash with acetic acid 
and dry. The dried barium chromate is separated very 
carefully from the filter, placed in a porcelain crucible, the 
ash added, and then heated, either upon a warm iron plate 
or over a small gas flame. 

In the filtrate, from the barium chromate the calcium 
may be precipitated with an excess of ammonium hydrate 
and ammonium carbonate. The calcium carbonate, after 
being thoroughly washed, is dried and ignited, together 
with the filter, in a platinum crucible. By ignition it is 
converted into oxide.] 

Second Method The separation according to this 

method is based upon the decomposition of calcium sul- 
phate by ammonium carbonate. The hydrochloric acid 
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sohition of the bases is evaporated to dryness with addi- 
tion of sulpliuric acid (avoid an excess). Expel all the 
free acid by ignition, and digest the residue with a con- 
centrated solution of ammonium carbonate containing 
ammonium hydrate. 

After four or five hours' treatment, the calcium sulphate 
will have been converted into the carbonate (the decom- 
])()8ition is hastened by frequent stirring of the liquid), 
wliile the barium remains unaffected. Filter, wash the 
])recipitate with a solution of ammonium carbonate, and 
th<^n with water, until the presence of sulphuric acid can 
no longer be detected. Dissolve the calcium carbonate in 
dilute hydrochloric acid, and precipitate the calcium from 
this solution as oxalate (p. 13). Weigh the insoluble 
barium sulphate as such. (See Sulphuric Acid Determi- 
nation, p. 15.) 

Separation of Strontium from Calcium. 

The separation of these bases is founded upon the dif- 
ferent deportment of their nitrates with absolute alcohol. 
Evaporate their hydrochloric acid solution, with addition 
of nitric acid, to dryness upon a water-bath. Digest the 
residue with nitric acid and again evaporate to expel all 
the hydrochloric acid. Pour absolute alcohol (or better, 
a mixture of equal parts alcohol and ether) over the 
nitrates, and shake repeatedly. Calcium nitrate is dis- 
solved. Filter off the strontium nitrate, convert it into 
the sulphate by evaporation with dilute sulphuric acid, 
and weigh as such. Remove the alcohol and ether from 
the solution containing the calcium and determine the 
hitter as oxalate. 
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Separation of Barium, Strontium, Calcium, 

and Magnesium. 

The magnesium is separated from the alkaline earths 
hy evaporating their solution to dryness and digesting the 
residue with strong alcohol, adding sulphuric acid drop by 
drop in slight excess. The sulphates of barium, strontium, 
and calcium will be precipitated, while magnesium sulphate 
remains in solution. After the precipitate has subsided, 
filter and wash, at first with absolute alcohol, and then 
with alcohol of 30 to 40 per cent., to remove traces of 
magnesium sulphate that may have been precipitated 
together with the others. The filtrate from the insoluble 
sulphates is boiled to expel the alcohol, and, after adding 
ammonium hydrate in excess, the magnesium is precipi- 
tated as ammonium-magnesium phosphate (see p. Ifi). 
The separation of the alkaline earths depends upon their 
different deportment with ammonium carbonate. The 
sulphates of strontium and calcium are converted into 
carbonates, while the barium sulphate remains undecom- 
posed. 

Pour over the mixed sulphates a concentrated solution 
of ammonium carbonate containing ammonium hydrate, 
and stir the same frequently. After standing six hours, 
filter and wash the precipitate with a dilute solution of 
ammonium carbonate and water. Treat the precipitate 
with hydrochloric acid, weigh the insoluble residue of 
barium sulphate as such, and separate the chlorides of 
calcium and strontium as directed, p. 28. 

Lead Chromate. 
PbCrO,. 

Pulverize the substance (O.o grm.) and dry at 100° C. ; 
then digest with strong fuming liydrochloric acid until 

3* 
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perfect decomposition has taken place, after which the 
excess of acid should be evaporated. We thus have the 
lead converted into the chloride and the chromic acid re- 
duced to chromium chloride. Alcohol should be added to 
the cold solution to render the precipitation of the lead 
chloride complete, after which it is brought upon a weighed 
filter and dried at 100° C. The crashing should be with 
alcohol, and the precipitate dried at 100° C. until constant 
weight is obtained. 

In the filtrate from the lead chloride determine the 
chromium as the hydrated oxide. Bring the solution* in 
a platinum dish to boiling to expel the alcohol, then add 
ammonium hydrate in slight excess. Chromic hydrate is 
soluble to a slight extent (with a red coloration) in an 
excess of ammonium hydrate, therefore continue boiling 
until the supernatant liquid becomes perfectly colorless. 
The precipitate is thorouglily washed by decantation with 
hot water. Dry and ignite, together with the filter, in a 
platinum crucible. 

Lead and chromium may be separated by precipitating 
the former as sulphide from an hydrochloric acid solution. 
Add a sufficient quantity of hot water to the solution of 
tlie substance to redissolve all the lead chloride that may 
have separated out, and then conduct a stream of hydrogen 
sulphide gas into the solution. f Filter off the precipitate 
and wash it with water containing hydrogen sulphide gas. 

* According to the investigations of Souchay, this precipita- 
tion should not occur in glass vessels, as the ammonium hydrate 
attacks the latter, and consequently constituents of the glass are 
invariably contained in the precipitate. 

I Lead is only completely precipitated as sulphide from a 
hydrochloric acid solution when the latter is very dilute and 
the passage of hydrogen sulphide through the li(|uid has been 
continued for some time. 
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Ignite (after adding flowers of sulphur) in a stream of 
hydrogen gas, and weigh* (see p. 20). 

Determine the chromium in the filtrate from the lead as 
above directed. 



Potassium Bichromate. 

Heat the salt gently until it begins to melt, and then 
dissolve about 0.5 grm. of the same in water. Add 
hydrochloric acid and alcohol, and boil until the liquid 
assumes an intense green color. The solution contains 
the chlorides of potassium and chromium. Precipitate 
the chromium from this solution with ammonium hydrate. 
Evaporate the bulk of the liquid in a porcelain dish, then 
transfer it to a platinum crucible and volatilize the am- 
monium chloride. Ignite the residue of potassium chloride 
in a well-covered crucible. The bottom of the crucible 
only should glow faintly. 



Dolomite. 

Composition, — Carbonates of magnesium and calcium, 
with generally small quantities of ferrous carbonate, 
aluminum, and silicic acid. 

Pulverize the substance and dry it at 100° C. Deter- 
mine the oxides by dissolving 1-1.5 grras. of the substance 
in hydrochloric acid in a porcelain dish. Boil the solution 
to expel the carbon dioxide, then evaporate the liquid to 

* Strong ignition will cause the volatilization of lead sulphide. 
Care must be taken not to allow the bottom of the crucible to 
have more than a faint red glow. (See Journal fur prakt. 
Chemie, 96, 257.) 
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dryness on a water-batli. Heat the residue for w 
ill an air-biktli at 120° C. U> eSect perfeut sej>aralion of the 
silicic acid and on decomposed ii:ial«nnl thai may be pre- 
sent. After cooling moisten witli liydrochloric acid, heat 
the dish gently upon a sand-batli, and dilute with water. 
The Biliciu acid that may have separated out is Altered off,. 
washed with hot water, dried, and weighed. The filtrate 
from the silicic acid is boiled with a few drops of nitrie 
acid to convert the ferrous intu ferric compounds, which 
is easUy noticed by tlie deep yellow color imparled to the' 
liquid, ammonium hydrate added in slight excess, and the 
solution stirred. Filler off the precipitate consisting of the 
oxides of iron and aluminum, excluding the air as much 
as possible. The precipitate, after washing with hot 
water and dissolving in warm dilute hydrochloric acid, is 
again precipitated with ammonium hydrate.* The i 
nionium liydrate precipitate is generally so small that the; 
oxides are dried, ignited, and weighed together, 
their separation proceed ns described under Chromite 

The caleiuni in the filtrate from the above precipitate ta 
thrown down as oxalate, and this tlien converted eithei 
into the cnrresponding carbonate or oxide (see p. 13^ 
As some magnesium oxalate is invariably precipitate^ 
along with tlie calcium, the precipitate in all accuFatQ 
analyses siiould be redissolved and the precipiCatio 
peated,. To this end add ammonium hydral« io eJight 
excess to the solution, and also a small quantity of a 
moiiium oxalate. Unite ttie filtrates, and when neoessaiy 
concentrate the liquid by evaporation — pi-ecipitating thtr 
magnesium from the cold solution by adding ammonium* 
sodium phosphate. The further treatment of this pre- 
cipitate has been already described (p. 17). 






a is oecesaaiy because the first pre- 
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[Another method, proposed and recommended by Dr. 
Genth for the separation of calcium and magnesium from 
the other constituents of dolomite and limestones, is the 
following : — 

A weighed portion of the powdered and dried sub- 
stance is placed in a platinum crucible and then very 
strongly ignited. -The cooled mass, consisting of calcium 
and magnesium, together with the other oxides, is digested 
for some time with a small quantity of a rather concen- 
trated ammonium chloride solution. The calcium and 
magnesium oxides are dissolved, and may be separated in 
the usual manner in the filtrate. The insoluble residue is 
treated with hydrochloric acid and the ^bove course pur- 
sued.] 

Carbon Dioxide Determination (Direct): — The esti- 
mation is effected by the method originally described by 
Kolbe, but more recently modified by Fresenius, viz., by 
the increase in weight of a tube filled with soda-lime. 
The apparatus described by Fresenius is composed of the 
following parts (see Fig. 2) : — 

The flask K, of from 200 to 300 C.C. capacity, serving 
for the decomposition of the substance, is closed by a 
doubly perforated caoutchouc cork. The one perforation 
holds the safety-tube a, the other the bulb-tube h. The 
safety-tube is divided at a, and connected by means of a 
gum tube to the funnel c. By the aid of the pinch-cock 
o, we can not only regulate the acid supply, but also, after 
finishing the experiment, connect the tube with the soda- 
lime tube dj and the small fiask e, containing potassium 
hydrate. The bulb-tube i, serving for the condensation 
of steam mechanically carried over, is cut obliquely at tlie 
lower end. To free the carbon dioxide from steam and 
hydrochloric acid, three U- tubes, about 17 cm. long and IG 
ram. wide, are placed before the generating fiask. Of 
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and /, 11 cm. long and 12 mm. wide respectively, which 
are filled f of their length with coarse soda-lime, and the 
extreme end with calcium chloride. To prevent the 
entrance of carbon dioxide and steam from without, thus 
altering the weight of these tubes, there is attached to 
them the tube tt?, which has the same dimensions as the 
absorption-tubes, and is filled in the limb adjoining these 
tubes with calcium chloride, while the outer limb contains 
soda-lime. 

To enable the operator to have better control over the 
course of the decomposition, it is advisable to add the 
tube w, both limbs of which are partly filled with water. 

The calcium chloride should be previously tested, be- 
cause it is capable of absorbing carbon dioxide when not 
pure. 

Having weighed both absorption -tubes, h and /, and 
brought the weighed substance (2-3 grms.) into the flask 
Ky be satisfied, first of all, that the connections of the 
entire apparatus are tight. Unite all the parts, close the 
pinch-cock o, and, with the aid of an aspirator or air- 
pump, rarefy the air in the apparatus by sucking upon the 
gum tube p. When all the parts fit closely and properly, 
the passage of air through n continues but a short time. 
Open the pinch-cock o, pour water in the flask, close 
o again, and fill the upper funnel tube with dilute hy- 
drochloric acid, allowing, by partly opening the pinch- 
cock, the acid to gradually enter the flask. When the 
action of the acid upon the substance ceases, remove tlie 
funnel <?, join the funnel-tube a with the tube d and the 
flask <?, and draw a slow current of air through the appa- 
ratus. In the mean time, bring the contents of the flask 
to boiling, which will expel tlie carbon dioxide, and the 
latter will be carried by the current of air into the absorp- 
tion apparatus. When cool, weigh the tubes h and /; 
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tlieir increase in weight expresses tlie nmoimt of rrtrbi 
dioxide present. 

Orig. sub. : CO, found : : ](H> : x. 

Should the dolomite dried ut 100° C. lose mora wat 
nl &n inurensed tempeniture, this cannot be estimated I 
igniting a weighed quantity of substance gently and CG 
sidering the differeuee in weight as representing the 
The carbon dioxide present would also be expelled, 
further, the ferrous oxide that existed in the mineral i 
pass into the ferric state. Under these ciruumstances, 
water is best determined by direct weighing. Take M 
tube of difficultly fusible glass about SO cm. long and 
mm. wide, and seal the one end. Into this introdnce, 
Jj its length, gently ignited Icail carlionate, then the mi 
ture of the latter substance with the dolomite, and finally^ 
more lead carbonate. The tube should be tapped upon 
table to produce a channel, and the open end then 
with either a dry perl'oraled gum or ordinary cork, 
which has been fitted a weighed calcium chloride tube 
The tube containing the mixture of lejtd and dolomite i 
placed upon a combustion-oven and heated its entiv 
length, commencing with tlie layer of leail carbonate, ani 
gradually advancing to the end. 

Should any water collect in that portion of the tub 
extending beyond the oven, it can readily be driven iab 
the calcium chloride tube with the aid of a small li 
"Wlien the substance has been completely decomposed, 
culciiun chloride tube is rewcighcd. 



Composition : 
phuric acid and v 



Alum. 

inum, potas 



• Conunercial poLisli alui 
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Determination of the Aluminum and Potassium, — About 
1.5 grms. of the salt are dissolved in water in a platinum 
or porcelain dish, then ammonium chloride and hydrate 
added — the latter in slight excess. Boil the liquid until 
the odor of ammonia is only slightly perceptible, allow the 
precipitate produced to subside, filter and wash by decan- 
tation with hot water. Owing to the gelatinous character 
of aluminum hydrate, it is washed very slowly, and there- 
fore it is advisable in filtering to use a Bunsen pump, or 
allow the imperfectly washed precipitate to dry, and then 
renew the washing. The precipitate, when dried, is 
placed in a platinum crucible, and the filter incinerated 
apart from it. Finally, the well-closed crucible is heated, 
at first gently, and then gradually increasing the tempera- 
ture to a red glow. 

In the presence of sulphuric acid, aluminum sulphate is 
frequently precipitated with the hydrate, and for this rea- 
son the ignition of the precipitate should finally be con- 
tinued over the blast lamp. 

The filtrate from the aluminum hydrate is placed in a 
platinum or porcelain dish and evaporated to dryness, to 
estimate the potassium as sulphate. The residue is ignited 
to expel all ammoniacal salts ; what remains is a mixture 
of neutral and acid potassium sulphates. To convert the 
latter into the corresponding neutral salt (glowing merely 
effects a partial change), ignite the mass gently, and add 
from time to time small pieces of pure ammonium car- 
bonate. Continue this for some time, and if the weight 
of the crucible remains the same after a second ijjnition 
with ammonium carbonate, the residue consists entirely of 
neutral potassium sulphate. 

The ammonia may be estimated by boiling a portion of 
the salt with potassium or sodium hydrate. The appa- 
ratus shown in Fig. 3 is designed for this purpose. 

The tubulated retort r contains a concentrated solution 
4 
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of Bodium or potaasium hydrate. Both receivers v and v 
are partly filled witli dilute liydrochloric acid. The libe- I 
rat«<l ammonia passes lliroiigh the cooler K. As an ordi- | 
nary or even gum cork will alisorb ammonin Teiy readily, ] 
care should be lakes tliat this gas docs not i 




iliate contact with these RubatanccB V* hen the apparatus 
has been completely connected, introluie Ihe substancf 
placed in a firaall tube, into the tiibiiliire ot the relnrt, and 
(liiitil oft' about utio-lhira of the (.unltnts 
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chloride formed is estimated by mixing with the liquid 
in the receivers an excess of platinic chloride, and evapo- 
rating almost to dryness at as low a temperature as possi- 
ble. Pour alcohol (80 per cent.) over the cold residue, 
stir well, and filter after the precipitate has subsided. The 
precipitate of ammonio-platinic chloride is brought upon 
a weighed filter that has been dried at 130° C. Wash 
with alcohol, finally with a mixture of equal parts of alco- 
hol and ether. Dry at 130° C, until constant weight is 
obtained. 

If the quantity of the precipitate is small, instead of 
filtering and drying upon a weighed filter, it can be con- 
verted into metallic platinum by ignition in a porcelain 
crucible, and from this the ammonia that w^as present be 
ascertained by calculation. To prevent any loss in this 
operation begin heating the precipitate gradually. 

Instead of converting the ammonium chloride into the 
double salt with platinum, the weight of the former can 
be directly taken. In this case the liquid contained in 
the receivers is evaporated to dryness in a platinum dish 
placed on a water-bath, and the residue then dried in an 
air-bath at 100° C, until a constant weight is obtained. 
This method, however, affords less accurate results, as 
there is invariably some ammonium chloride volatilized. 

Finally, the ammonia may be determined in the follow- 
ing manner : conduct the gas into a measured quantity of 
acid (hydrochloric, sulphuric, or oxalic) of known strength, 
and titrate the unneutralized portion of the acid with a 
standard alkaline solution. For the particulars of this 
operation see " Analysis of Guano." 

When alum contains oxide of iron in large quantities, 
which is seldom the case, it may be best determined 
volu metrically. The found percentage must then be de- 
ducted from the aluminum precipitate. 
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Determine the sulphuric acid as barium sulphate. 

The water in alum cannot be estimated by loss in weight 
by ignition, because not only it but also sulphuric acid 
and ammonia are volatilized. When ammonia is absent, 
tiie Avater may be determined as described in the analysis 
of dolomite. This method is not applicable in the pre- 
sence of ammonia, because the latter, upon glowing with 
l(»ad carbonate, is expelled and absorbed by the calcium 
chloride. This being the case, connect with the tube 
containing the alum and lead carbonate two V-shaped 
tubes filled with pumice-stone saturated with sulphuric 
acid. The increase in weight of the tubes will indicate 
the amount of water plus the ammonia, and from this 
subtract the amount of the latter directly determined. 



Heavy Spar. 

Barites. 

Composition: Barium sulphate, with frequently small 
quantities of strontium sulphate. 

The finely powdered and dried (100° C.) substance, 
(1 grm.) is thoroughly mixed in a platinum crucible with 
4-5 times its weight of sodium carbonate, and fused over 
a blast lamp. (A good Bunscm burner will generally suf- 
fice.) The ignition should be continued until the contents 
become liquid, and then pour the same into a platinum 
dish. If the latter is sufficiently large the crucible can 
be placed in the same, water added, and the whole di- 
gested on a water-bath until, upon stirring with a glass 
rod, no hard, undecomposed particles can be detected. If 
it is not desired to pour out the liquid contents of the 
crucible, allow the latter to cool, and then boil with water. 
The latter procedure requires considerable time. The 
aqueous solution contains, together with the undecom- 
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posed sodium carbonate, all the sulphuric acid in the form 
of sodium sulphate. The residue consists of the car- 
bonates of strontium and barium. After freeing the cruci- 
ble from the adhering precipitate, and rinsing with water, 
the insoluble residue is filtered off and washed until a 
drop of filtrate does not indicate a sulphuric acid reaction. 
The weight of the gently ignited precipitate will represent 
the sum of the strontium and barium carbonates. Dis- 
solve the mixture in acetic acid, and separate the bases 
just as barium is separated from calcium. (See p. 27.) 

To determine the sulphuric acid in the aqueous extract 
of the fused mass, acidify the liquid carefully with hydro- 
chloric acid ; then heat to expel all the carbon dioxide, 
and finally precipitate with barium chloride (p. 15). 

When the heavy spar contains silica it will be found in 
the aqueous solution, together with the sodium sulphate, 
and should be removed before precipitating the sulphuric 
acid. Evaporate the solution to which hydrochloric acid 
has been added to dryness, and heat the residue for some 
time at 120° C. When cool, moisten with hydrochloric 
acid, and add water. (See Dolomite, p. 31.) The fil- 
trate from the silicic acid can now be employed for the 
sulphuric acid determination. The silicic acid is strongly 
ignited in a platinum crucible and weighed. 

If calcium sulphate be present in the heavy spar, the 
three sulphates can be separated by treatment with am- 
monium carbonate (p. 29). 



Separation of Potassitun from. Sodium. 

A mixture of equal parts of the chlorides is employed 
in the analysis. 

The separation of these alkalies is based upon the pre- 
cipitation of the potassium as potassium-platinum chloride, 

4* 
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while the corresponding sodium compound remains dis- 
solved. The chlorides (about 0.5 grm.), dried at 100° C, 
are dissolved in the least possible quantity of* water, and 
then mixed with a concentrated neutral solution of pla- 
tinic chloride,* and evaporated almost to dryness upon a 
water-bath. The temperature should not be too high. 
Pour alcohol (80 per cent.) over the cold residue, and 
treat the potassium -platinum chloride just as the ammo- 
nium compound. (See p. 39.) 

If the solution employed for washing consists of a mix- 
ture of 2 vols, alcohol and 1 vol. ether, not any potassium- 
platinum chloride will be dissolved. However, the filtrate 
should be tested for traces of it. For this purpose evapo- 
rate it again to dryness with addition of more platinic 
chloride, and treat the residue again with alcohol. Calcu- 
late the amount of potassium chloride in the double salt 

K,PtClg : 2KC1 : : wt. K.PtClg : x. 

The amount of sodium chloride is found by difference. 

[Instead of weighing the double salt upon a weighed 
filter, which is at the best tedious and inconvenient, it 
may after washing with alcohol be rinsed with water into 
a small beaker, and to the aqueous solution a little dilute 
hydrochloric acid and a piece of pure zinc added. The 
application of heat aids the reduction. When the zinc is 
completely dissolved, the liquid is diluted and filtered. 
The residual platinum is thoroughly washed with hot 
water, dried, ignited, and weighed. One equivalent of 
platinum represents one equivalent of potassium.] 

Instead of separating the potassium chloride as a double 

* Enough platinic chloride must be added to convert both 
the potassium and sodium into double salts with it, otherwise 
sodium chloride will invariably be mixed with the potassium- 
platinum chloride, and cannot be removed by washing with 
alcohol. 
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salt, we can determine the amount of chlorine in a mix- 
ture and from this calculate the quantity of potassium and 
sodium chlorides present.* 

To determine the chlorine the solution of the substance 
is mixed with silver nitrate and the silver chloride ob- 
tained weighed. (See Barium Chloride, p. 17.) 

If /S represents the sum of potassium and sodium 
chlorides, 
(7 the found amount of chlorine, 
X the unknown amount of potassium chloride, 
y the unknown amount of sodium chloride, 
then a -f y == aS' (1). 

The molecular weight of potassium chloride is 74.57 ; it 

contains in one part by weight — '. — = 0.47552 chlorine : 

^ ^ ^ 74.57 

the molecular weight of sodium chloride is 58.46 ; the 

amount of chlorine in it is — '- — = 0.60657. 

58.46 

Then 0.47552a: + 0.60657 ^^ = C(2), 

, 0.60657 S—C 
and X =. 

0.13105 
and y = S- — x. 

Instead of determining the silver gravi metrically as 
silver chloride, it may be estimated volumetrically much 
more rapidly and with just as great accuracy. This method 
of estimation depends upon the deportment of a silver 
nitrate solution of known strength with a solution of an 
alkaline chloride in the presence of chromic acid. When 
silver nitrate is added to a solution of an alkaline chloride 
containing potassium chromate, all the chlorine will at 
first be precipitated as silver chloride, after which the 



* This indirect method of determining the potassium and 
sodium is only accurate when the quantity of potassium chloride 
with the sodium chloride is not too small. 



44 



BPARATION OF P0TA8SIEM FROM SODU 



silver nets upon tlie chromic acid of the chromale, form- 
ing silver ciiromate. The foiination of the latter < 
pound, whiuh is eliaroeterized by an iiiteni^e blood-red 
color, serves as a means of recognising the close of the 
action. 

For the execution of this method of determining chlo. 
rine allow silver nitrate to drop from a burette into the 
cliloride solution containing ^Kitussium chromate until the 
white precipitate of silver chloride is colored distinctly red 
by the silver chromate.* The solution should be con- 
tinually stirred. The amount of chlorine present is cal' 
culated from the number of C. C. of the silver nitrate 
solution that has been used. 

There is required : — 

1. A Neutral Solution of Silver Jfilrate The solution 

is made -^g normal, i. e., IU.8 grms. metallic silver or 17 
gmiB. silver nitrate are dissolved and diluted to 1 litre. 
If 1000 C. C. of this solution contain exactly 10.8 grmsi 
silver, these correspond to 3. 546 grms. clilorine, 3.646 
grms. hydrochloric aciJ, or 5.846 grms. sodium chloride, 
etc. In order, however, to be satisfied aa to the correct 
strength of the solution, prepare 

2. A SolHtion of Sodium ChloTtde. — This is done by 
dissolving 5.846 grnia. ehemicully pure and dry HOdiiua 
chloride in 1 litre of water. 

To standardize the silver nitrate solution allow about 
10 C. C. of the sodium chloride solution to flow out the 
burette, mil in a few drops of potassium chromate, and 
add from the buretle, while stirring, silver nitrate until 
the final reaction appears. When the silver nitrate solu- 
tion is -^ff normal, then 10 C. C. of the sodium chloride 
solution vtill esactly correspond to 10 C. C. of the silver 
solution. 



• As silver chromate is soluble in acids, both the liquid to be 
treated and the silver nitrate solution must be pKpfuctlj neutntl. 
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Mixture of Potassium Chloride, Sodium 
Chloride, and Magnesium Sulphate. 

The separation of magnesium from the alkalies accord- 
ing to the following method, must be preceded by the re- 
moval of the sulphuric acid. For this purpose, acidify 
the boiling solution of the substance with a few drops of 
hydrochloric acid, and add barium chloride. Filter off 
the barium sulphate and evaporate the filtrate to dryness, 
in a platinum dish, having first added an excess (about 
four times the amount) of pure oxalic acid for the conver- 
sion of the alkalies and the magnesium into oxalates. 
By igniting the residue, we have the alkaline carbonates 
and magnesia produced. Treat the residue with small 
quantities of hot water, dissolving by this means the alka- 
lies and separating them from the magnesia (and barium 
carbonate), then evaporate to dryness with dilute hydro- 
chloric acid, converting the alkalies into chlorides which 
may then be separated in the manner already described 
(p. 41). 

The weighed alkaline chlorides should always be exam- 
ined for traces of magnesia, and the amount deducted 
from the others. (See p. 16.) 

(Mg,Vfi, : 2MgCl, : : wt. Mg^P^^ : x,) 

The magnesia may be separated from the barium car- 
l)onate by dissolving the residue in dilute hydrochloric 
acid, precipitating the barium with dilute sulphuric acid, 
and determining the magnesium in the filtrate in the usual 
manner. 

Another method employed in separating magnesium 
from the alkalies is based upon the precipitation of the 
magnesium as magnesium-ammonium carbonate. 

It is immaterial whether the magnesium and alkalies 
exist as chlorides, sulphates, or nitrates. To the VGry 
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concentrated solution of the substance add, in excess, a 
concentrated solution of ammonium carbonate* and hy- 
drate, and allow the same to stand twenty-four hours. 
The precipitate after filtering should be washed with a 
similar solution of ammonium carbonate, dried, and by 
strong ignition converted into magnesia. It is to be re- 
marked that in this separation the magnesia almost inva- 
riably retains potassium carbonate mixed with it. (The 
sodium carbonate is perfectly dissolved.) It is, therefore, 
of the utmost importance that the ignited magnesia be 
treated with small quantities of water and again ignited. 
The washings should be added to the liquid containing the 
alkalies. The alkalies are most readily determined as 
sulphates. 

The filtrate from the magnesia precipitate should be 
brought into a platinum or porcelain dish, covered and 
heated on a water-bath to expel the ammonia and produce 
a partial decomposition of the ammonium carbonate. 
When carbon dioxide is no longer liberated, add dilute 
sulphuric acid drop by drop to the cold liquid and evapo- 
rate to dryness. If the evaporation has taken place in a 
porcelain dish, bring the residue into a weighed platinum 
crucible and ignite to expel the ammoniacal salts. The 
residue contains not only the alkaline sulphates, but also 
their hydrosulphates ; therefore, continued ignition with 
repeated addition of ammonium carbonate is necessary to 
obtain a constant weight. (See Potassium Determina- 
tion in Alum, p. 37.) Examine the alkalies for mag- 
nesium. 

When sodium and potassium are present together, in- 

* According to Schaffgotsch, a solution of this kind is best 
prepared by dissolving 230 grms. ammonium carbonate in 180 
gnus, ammonium liydrate (specific gravity 0.92) and diluting to 
1 litre. 
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stead of separating the potassium with platinic chloride,* 
the sulphuric acid in their sulphates may be determined, 
and the quantity of sodium and potassium calculated from 
this. 

If S represents the weight of sodium and potassium 
sulphates, and s the found quantity of sulphuric acid, 
then 

_ 5_0.45919^ 
^ 0.10419 

y=S — X. 

Alloy of Copper and Silver. 

Silver Coins. 

The solution of the coin (about 0.5 grm.) is effected by 
bringing it in contact with dilute nitric acid in a porcehiin 
dish, which is well covered with a watch-glass and heated 
upon a water-bath. Finally, evaporate the solution to 
dryness, dissolve the residue in. hot water, rinsing the 
solution into a beaker, and precipitate the silver by the 
addition of dilute hydrochloric acid. 

By the application of heat and frequent stirring, the 
precipitate may readily be balled together, and filtered 
after standing a short time. The subsequent treatment of 
the precipitate has already been described in the analysis 
of barium chloride (p. 17). 

The copper in the filtrate from the silver chloride may 

* When the alkalies are present as sulphates, to determine 
the potassium as potassium-platinum chloride, it is necessary to 
first convert the sulphates into chlorides. This is effected by 
adding to the solution barium chloride and removing the excess 
of the latter with ammonium carbonate, or by repeatedly 
igniting the sulphates with ammonium chloride until constant 
weight is obtained. 
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be precipitated as sulphide bj coDductiDg hydrogen sul- 
phide into the solution. The precipitant should be added 
until the odor of hydrogen sulphide is strongly perceptible, 
and the precipitate then rapidly filtered, with exclusion of 
air. Cover the beaker and funnel with glass plates. 
After washing the precipitate with water containing hy- 
drogen sulphide, dry and ignite it strongly — with addition 
of sulphur — ^in a stream of hydrogen gas (see p. 20). 
The residue is cuprous sulphide (Cu,S). As copper 
sulphide oxidizes exceedingly readily, the filtration and 
washing should not be interrupted. When oxidation has 
occurred (recognized by the cloudiness of the filtrate), the 
precipitate upon the filter is completely washed with water 
containing hydrogen sulphide, and the filtrate treated a 
second time with hydrogen sulphide gas. The small 
quantity of copper sulphide produced is brought upon a 
separate filter. 

If the copper is precipitated from a hot solution, a sul- 
phide of a more compact nature is obtained, which may 
be washed very readily. 

CugS : Cuj : : wt. Cu^S : x, 

[As a control, get the copper in the form of sulphate and 
determine it by electrolysis. The platinum crucible con- 
taining the solution of the copper salt serves as negative 
pole of a weak Bunsen battery consisting of one or two 
cells. A stout platinum wire will answer as positive 
electrode, and is allowed to dip into the copper solution. 
The wire should not be allowed to touch the sides of the 
crucible. Care must be taken to regulate the current so 
that the copper will be deposited upon the walls of the 
crucible as a compact, bright coating. The time neces- 
sary to effect complete precipitation varies from one to 
three hours. Wliether the copper has been completely 
removed or not may be ascertained by placing a drop of 
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the solution on a porcelain plate and adding a little hy- 
drogen sulphide. After precipitation wash the copper 
with distilled water, dry carefully, and weigh with the 
crucible. 

When the copper is thrown out of the solution in 
spongy masses, it not only oxidizes very readily, but it is 
also difficult to free it of impurities mixed with it.] 



Alloy of Copper and Zinc. 
Brass. 

Dissolve the alloy in dilute nitric acid, and proceed pre- 
cisely as described in the preceding analysis. When the 
brass, as is generally the case, contains lead, the nitric 
acid solution is evaporated to dryness, with addition of 
sulphuric acid, upon a water-bath, until all the nitric acid 
has l)een expelled and the lead completely converted into 
gulphate. Pour cold water over the residue, stir the 
liquid with a glass rod until all the lead sulphate that has 
separated out appears perfectly white, then add one-third 
volume alcohol.* Wash the filtered precipitate with dilute 
nlcohol (until the addition of barium chloride to the wash- 
ings produces no cloudiness), dry, and then ignite in a 
porcelain crucible. It should be borne in mind that, upon 
incinerating the filter, the lead sulphate adhering to the 
latter will be reduced to metallic lead ; tlierefore adopt the 
course pursued in the determination of chlorine (p. 18), 
incinerate the filter upon the inverted crucible lid, dissolve 
the metallic lead in a few drops of nitric acid, evaporating 

* If more alcohol than this is added, copper sulphate will 
very likely separate out, but may be redissolved by the addi- 
tion of more water. 
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this solution to dryness with addition of dilute sulphuric 
acid. 

PbSO, : Pb : : wt. PbSO, : x. 

After thus removing the lead, heat the liquid that re- 
mains upon a water-bath to expel the alcohol present, and 
then eflTect the separation of the copper and zinc by con- 
ducting hydrogen sulphide into the solution. Since in 
this method some sulphide of zinc is very apt to be pre- 
cipitated together with copper sulphide, the liquid should 
be made strongly acid* by the addition of hydrochloric 
acid, and the copper sulphide filtered immediately after 
the precipitation. As regards the filtration of the copper 
sulphide, what has already been mentioned (precipitation 
of copper in silver coins) should be borne in mind. Not- 
withstanding all this, however, the copper sulphide is not 
absolutely free from zinc sulphide, and, if the separation 
is to be very perfect, the precipitation must be repeated. 
In this^case transfer the precipitate to a porcelain dish, 
dry the filter, and after its incineration add the ash to the 
precipitate and dissolve the latter in aqua reyia. Evapo- 
rate this solution to dryness upon the water-bath, dissolving 
the residue in water, and, after the addition of hydrochloric 
acid, reprecipitate the copper as sulphide. The copper 
sulphide obtained is ignited in a hydrogen stream and 
determined as Cu^S. 

The filtrates from the copper sulphide are united, and 
the zinc then precipitated as sulphide. To tliis end heat 
the liquid to incipient ebullition, then add ammonium in 
excess and some ammonium sulphide.t The precipitate 
is washed with water containing ammonium sulphide and 



* According to Grundmann's experiments, 10 C. C. hydro- 
chloric acid are required for 0.2 grm. cupric oxide. 

f The sulj)lu(le of zinc precipitated from a liot solution is 
more compact and mucli more readily iiltered. 
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ammonium nitrate, then dried and ignited, mixed with 
sulphur, in a stream of hydrogen (see p. 20). 

ZnS : Zn : : wt. ZnS : x. 

When lead is not present in the brass, the nitric acid 
solution may be evaporated to dryness without the addi- 
tion of sulphuric acid. The residue is then dissolved in 
water, hydrochloric acid added, and precipitation produced 
by hydrogen sulphide. 

Another method for the separation of copper and zinc 
is based upon the deportment of the former with sodium 
hyposulphite. If the solution of a copper salt is mixed 
with sodium hyposulphite, a precipitate of copper hypo- 
sulphite is produced, which decomposes very readily upon 
boiling into copper sulphide and sulphuric acid. 

Zinc salts are not precipitated by this reagent. To 
effect the separation of these two metals by means of this 
method, their nitric acid solution should be evaporated to 
dryness with sulphuric acid, the residue dissolved in water, 
and sodium hyposulphite added to the boiling solution 
until the addition no longer produces a precipitate of 
cuprous sulphide, Cu^S. This cuprous sulphide possesses 
entirely different properties from that obtained by pre- 
cipitation with hydrogen sulphide. It does not oxidize 
on exposure to the air, and may be easily washed with 
hot water not containing any hydrogen sulphide. It 
should also be ignited in a stream of hydrogen. 

In order that the zinc may be estimated in the filtrate 
from the cuprous sulphide, the excess of sodium hyposul- 
phite must be previously removed. Add nitric acid to 
the solution, then evaporate it to dryness upon the water- 
bath, dissolving the residue in water, filtering off the sul- 
phur that may have separated out, and finally precipitate 
the zinc with sodium carbonate (see p. 18). As regards 
the purity of the zinc oxide, see remark I., p. 19. 
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Alloy of Antimony and Iioad. 

Type Metal. 

The alloy ie divided as finely as possible, and about 0.5 
grm. of it then transferred to a porcelain dish containing 
equal parts of nitric acid and concentrated tartaric acid, 
and the whole heated upon a water-bath. To the solution 
is now added an excess of ammonium hydrate, until the 
liquid imparts an alkaline reaction, then an excess of am- 
monium sulphide. By this means we have the antimony 
dissolved as antimony -ammonium sulphide (Sb(S!NH^)j), 
whilst the lead remains insoluble. 

Digest the precipitate for some time upon the water- 
bath, filter without bringing the precipitate on the filter, 
and then digest it again with small quantities of ammo- 
nium sulphide, and finally determine the lead sulphide by 
gentle ignition in a stream of hydrogen (p. 20). The 
antimony in the filtrate from the lead sulphide separates 
out upon the addition of hydrochloric acid. Carefully 
mix the solution contained in a covered beaker with di- 
lute hydrochloric acid, until its addition is no longer fol- 
lowed by the precipitation of antimony sulphide ; then 
apply heat upon the water-bath until the odor of hydrogen 
sulphide is no longer perceptible.* The precipitate, which 
consists of sulphur and antimony sulphide, is brought 
upon a weighed filter, dried at 100° C, washed with 
water containing hydrogen suli)hide, and dried again at 
100° C, until the weight becomes constant. To estimate 
the quantity of antimony sulphide present, weigh oflT a 
portion of the dried precipitate, place it in a porcelain 
boat, and insert this into a glass tube, through which a 

* This may be hastened by conducting cai'bon dioxide into 
the hot solution. 



ALLOT OF ANTIMONY AND LEAD. 53 

slow current of dry carbon dioxide is transmitted, and 
the contents of the boat cautiously ignited, until no more 
sulphur escapes and the antimony sulphide has become 
black. 

Sb,S, : 2Sb : : wt. Sb,S, : x. 

As a control for the analysis, a second portion of the 
weighed precipitate may be converted into the antimoniate 
of the teroxide of antimony. This is effected by moisten- 
ing a weighed portion of the precipitate, placed in a por- 
celain crucible, with a few drops of nitric acid (sp. gr. 
1.42), then adding a somewhat larger quantity (about 8 
to 10 times the quantity) of fuming nitric acid. Cover 
the crucible with a watch-glass or a concave porcelain 
cover, and carefully apply heat upon the water-bath until 
all action ceases, finally allowing the acid to evaporate. 
The residual mass consists of a mixture of antimonic acid 
and sulphuric acid. For the conversion of the former 
into teroxide and the expulsion of the sulphuric acid, 
gradually ignite the contents of the crucible to intense 
glowing. 

SbO, : Sb : : wt. SbO, : x. 

The lead sulphide as above obtained invariably has an- 
timony sulphide adhering to it. The separation is more 
complete if the greater portion of the lead is first removed 
from its nitric acid solution by the addition of sulphuric 
acid (without alcohol), and determined as such. The 
lead still remaining in the filtrate may be separated from 
the antimony by the addition of ammonium hydrate and 
ammonium sulphide. If pure nitric acid replaces nitric 
acid and tartaric acid in the decomposition of the alloy, 
antimonic acid will separate out, and the separation of the 
two metals will be very imperfect, even if the treatment 
with ammonium sulphide be repeated. 

5* 
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Alloy of Tin and Lead. 

Soft Solder. 

Warm the alloy with nitric acid until all action ceases, 
then evaporate the solution to dryness upon a water-bath. 
After moistening the residue with a few drops of nitric 
acid, pour water over it, and remove the stannic oxide by 
filtration. The precipitate is washed with water, dried, 
and ignited strongly in a porcelain crucible placed over a 
blast-lamp. 

The incineration of the filter is best performed upon 
the inverted lid of the crucible, and the ash carefully 
heated with a few drops of nitric acid, to oxidize the re- 
duced tin. 

The filtrate from the oxide of tin is mixed with dilute 
sulphuric acid, and evaporated on the water-bath, until 
all the nitric acid has been expelled; the residue, after 
cooling, treated with alcohol, and the lead sulphate filtered 
off. The precipitate should be washed with alcohol, and 
treated as described on page 49. 

Weighable quantities of lead always adhere to the tin 
oxide as above obtained by oxidation with nitric acid ; 
these, however, may be estimated by mixing the weighed 
precipitate with four to five times its quantity of equal 
parts of sodium carbonate and flowers of sulphur, and 
fusing (over an ordinary burner) in a porcelain crucible. 
The residue is treated with water, and the tin dissolved 
as sodium -sulphostannate (Na^SuSj), while the lead oxide 
that adhered to the stannic oxide will remain as in- 
soluble lead sulphide. Remove the latter by filtration, 
wash with water containing hydrogen sulphide, and weigh 
as such. 

From the found amount of lead sulphide calculate the 
lead oxide, and ^^^)trp,ct tjiis fVom the stannic oxide, thus 
obtaining {hp pprfpct a|npunt of the latter. 
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Till and lead may be sejiarateil in a munner Bimilar to ■ 
thai employed in the B<;pariLtion oj' Mntimony and lead — 
of ammoniuin euiphide. Evaporate the nitric 
«cid solution to drynesa, mix tlie residue with ammonium 
liydrate and sulphide, and proceed as above. The lead 
sulpliide, after being dried, is mixed with four to five times 
ht of equal parls of sodium carbonate and Bulpiiur, 
then fmied. The aqueous extract from tlie fused mass, 
.aft«r filtering off the lead sulphide, is added to the ammo- 
ftium sulphide solution, and the tin precipitated by the 
addition of hydrochloric acid to the liquid contnined in a 
covered beaker. After the precipitate has fully separated, 
warm upon a waler-batb. 

n as the liquid ceasee to impart the odor of hy- 
drogen sulphide, filter oA' the mixture oi' tin sulphide and 
Bulpbur; wash the precipitate perfectly with a solution of 
m acetate, containing a few drops of acetic acid. 
Place the dried precipitate in a weighed porcelain cnici- 
Ue, heating it gradually with access of air to expel the 
aulphur. Finally, ignite over a blust-Iamp. 

The final traces of siilplturic acid tliat may remain are 
«x|ielled by placing a small piece of ammonium carbonate 

the crucible, and again igniting. The filter should be 
burned upon the inverted cmcible lid. The ignited re^due 

SnO,. 

Alloy of Lead and Bismuth. 

The nitric acid solution of the alloy is evaporated upon 
water-bath until it atlaina a syrupy consistence, a little 
■ftter is then added, the liquid stirred with a glass rod 
id again evaporated. This operation should be rejieated 
ree or four times (the residue should then contain no 
nitric acid), when the cooled nuiss is finally mixed 
ith a cold soluliou of 1 piirt ammuuium nitrate in .000 
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jmrts water, and tlien allowed to stand a short time. 
Filter and wasb the bismuth nitrate with a solutio 
ummonium nitrate having tlic above concentration ; dry 
and ignite in a porcelain crucible. The filler should be 
burned upon the inverted crucible lid. The ignited res 
is oxide of bismuth, Bi^O,. 

The oxide first obtained may be converted into metallic 
bismuth, if ignited in a current of hydrogen gas. 

In the filtrate from the bismuth nitrate determine the 
lead AS sulpliide, precipitating it either witli hydrogen or 
ammonium sulphide. (See p. 52.) 

Tlie insolubility of lead sulpliate affords another method 
for the separation of these two metala. The solution i» 
freed from nitric acid by evaporation — sufficient hydro- 
eliloric acid, however, being added to dissolve all thft 
bismuth.* To ascertain when a sufficient amount of acid 
has been added, pour a small [Mrtion of acidified liquid 
upon a watch-glass and add a few drops of water. If an 
immediate turliidily forms, enough acid has not been 
added. Rinse the liquid ujion the watcii-giaas with alco- 
hol. For the precipitation of the lead, add dilute nil- 
phuric acid to the liquid, and if any lead chloride has 
separated out, allow the acid to act u|>on it, before tbs 
addition of alcohol (sp. gr. 0.8). Wash the lead sulphate 
first with alcohol, miied with a small quantity of hydro-- 
chloric acid, finally with pure alcohol. The precipitate ia 
ignited as described, p. 49, and then weighed. 

The filtrate is at once mixed with a lai^e quantity of 
water and tlie bisumth precipitated as oxychloride (BiOCl 
— bismuth basic cldoride). If no further precipilatiuii is 
produced upon the addition of more water, filter off the 
precipitate, and by fusing it with KCy convert it 
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into metallic bismuth.* For this purpose the bismuth 
oxychloride, placed in a porcelain crucible, is mixed with 
five times its quantity of potassium cyanide and fused over 
an ordinary lamp. By protracted fusion the small par- 
ticles of bismuth may be collected to one large globule. 
After cooling, digest the fused residue with cold water, 
filter the bismuth upon a dried and weighed filter, wash- 
ing it at first with dilute and finally with absolute alcohol. 
Dry at 100° C. and weigh. 

In the process of fusion the porcelain crucible is gene- 
rally more or less attacked, and the bismuth consequently 
rendered impure by loosened particles of the crucible. To 
avoid the error thus occasioned, dissolve the bismuth in 
dilute nitric acid and weigh the residue. 



Alloy of Lead and Zinc. 

Add sulphuric acid to the nitric acid solution and eva- 
porate the latter upon the water-bath until nitric acid 
vapors no longer escape, then pour water upon the cooled 
residue and add one-third volume of alcohol. Filter the 
separated lead sulphate, wash with aqueous alcohol, dry, 
ignite, and weigh (p. 49). 

After the expulsion of the alcohol from the filtrate, the 
zinc in the latter is determined either as sulphide or oxide 
(p. 18). 

Hydrogen sulphide may be employed for the separation 
of these two metals. Evaporate the nitric acid solution 
to dryness, take up the residue with a large quantity of 
water, adding a few drops of hydrochloric acid, and pre- 
cipitate the lead with the above reagent (p. 30). 

* In this case the BiOCl cannot be directly weighed, because 
in the presence of sulphuric or phosphoric acids the precipitate 
will consist of compounds of bismuth with these acids. 
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PreL'iiHtute the zinc in the lillruti; as aiilpLide or 
bo Date. 

Alloy of Bismuth and Copper. 

The nitriu acid aohitioii of tliG alloy is cvajiorated upon 
a water-bath, tlie residue mixed with a lew dtops of hy- 
drochloric acid and a targe quantity of water added. 
Wlien the bismuth oxyclJoride formed has Rubsided, and 
the liquid remains clear upon the further addition uf 
water, tranafer the precipitate to a weighed filter, wash it 
with water slightly acidulated with hydrochloric acid, 
then dry it at 100° C. until constant weiffhl ia obtained. 
BiOCl : Bi : : wt. BiOCl : x. 

The copper in the tiltrate may be separated either as 
oxide (p. 14^), sulphide (p. lH), or as metallic copper. 

For the execution of the latter mode of estimation, con- 
centrate the filtrate, plaeed in a weighed platinum dish, 
by evaporation, and throw into the liquid a small piece at 
zinc or cadmium. "f" When necessary add drop by drop 
sufficient hydrochloric acid to produce a moderate evolu- 
tion of hydrogen gas, and cover tlie dish with a wal«h. 
glass. "Wlien the reduction is complete (ascertained by 
the addition of ammonium hydrate to a portion o 
clear liquid) and all the zinc is dissolved, jiour oft' the fluid 
(when necessary through a small filter), wash the copper 
by deeantation with boiling water, until the liquid ceases 
to give a hydrochloric acid reaction. Tlie last traces of 
water are removed by rinsing out the dish with absoluM 
alcohol- Dry the copper at 100° C. and weigh. 

• A porcelain dish ranj be used ; the reduction, liovfevei 
then be niuth slower. 

t Cadmium is prcfcrubli! to zinc, bKcauaothc luttur generslly 
leuvcs a residue wlit'Ti clissolved in atids. 
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As cadmium is not so greatly acted upon by dilute acids 
as zinc, the same piece may be repeatedly employed for 
reduction. (Classen, Journal f, prakt. Cfhemie, 96, 257.) 



Alloy of Copper and Tin. 
Bronze. 

Bring the alloy into a porcelain dish provided with a 
cover, and pour over it nitric acid of sp. gr. 1.3, and, 
when the first action ceases, and there is no longer any 
visible decomposition occurring, apply heat. After all 
the tin has been converted into stannic oxide, evaporate 
the solution upon the water-bath. Care should be taken 
to expel the nitric acid perfectly, and the cold residue is 
then "moistened with a few drops of nitric acid, and this 
diluted with water. After the stannic oxide has perfectly 
separated, filter the clear supernatant liquid and wash the 
precipitate with water, until the washings no longer give 
an acid reaction with blue litmus paper. Tlie stannic 
oxide is ignited and weighed. (See p. 54.) 

To remove the cupric oxide invariably adhering to the 
stannic oxide, mix the latter with four to five times its 
quantity of equal parts of sodium carbonate and sulphur; 
then fuse in a porcelain crucible. (See p. 54.) 

The copper sulphide obtained by lixiviating the fused 
residue is ignited in a current of hydrogen gas, then esti- 
mated, and the amount of cupric oxide calculated from 
the found sulphide is deducted from the first weight of 
stannic oxide. 

In the filtrate from the tin, the copper is determined as 
given above. 

When the bronze contains lead, its precipitation pre- 
cedes that of the copper. This is effected by adding dilute 
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sulphuric acid to the solution, and then evaporating. (See 
Brass, p. 49.) 

A second method for separating copper from tin is based 
upon the precipitation of the latter with dilute sulphuric 
acid. The residue obtained by the evaporation of the 
nitric acid solution is moistened with strong hydrochloric 
acid, and after standing some time (about half an hour), 
mixed with water and heated until all the stannic oxide 
has been dissolved. From this solution of stannic chlo- 
ride the tin is precipitated by dilute sulphuric acid. When 
the stannic oxide has fully settled, it is filtered and washed 
with water until nitrate of silver causes no cloudiness 
when added to the wasliings. If more hydrochloric acid 
was added to the liquid than was i*equired to dissolve the 
stannic oxide, it must be diluted with a large excess of 
water, so that the stannic oxide will separate out per- 
fectly. The liquid should then be first filtered, after 
having stood from twelve to twenty-four hours. The 
dried precipitate is repeatedly ignited with the addition 
of a small piece of ammonium carbonate. 

Tlie copper in the filtrate can be estimated after one 
of the methods already described. 

Alloy of Nickel and Copper. 

Nickel Coins. 

The residue obtained by the evaporation of the nitric 
acid solution is dissolved in water ; this solution strongly 
acidified with hydrochloric acid, and the copper precipi- 
tated by hydrogen sulphide. The copper sulphide is fil- 
tered, ignited, and weiglied; the precautions mentioned 
on p. 48 being closely observed. 

The filtrate is boiled to expel the hydrogen sulphide, 
and the nickel precipitated by the addition of sodium 
hydrate. (See p. 23.) 
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Besides the two metals just disposed of, nickel coins 
frequently contain weiglmble quantities of iron and cobalt, 
which would be precipitated as hydrated oxides together 
with the nickel. Tiiis being the case, dissolve the me- 
tallic nickel that has been obtained in nitric acid, and 
very nearly neutralize the solution with ammonium hy- 
drate ; then add ammonium carbonate in excess. After 
the solution has been digested some time, the precipitate 
of ferric oxide is filtered and dissolved u|)on the filter in 
hydrochloric acid, and the precipitation with ammonium 
carbonate repeated. By ignition in a stream of hydrogen 
gas, ferric oxide is converted into metallic iron. To esti- 
mate the cobalt evaporate the filtrate from tlie ferric 
hydrated oxide to dryness, expel all ammoniacal salts by 
gently igniting the residue; then dissolve the latter in 
hydrochloric acid, with addition of a few drops of nitric 
acid, and precipitate the cobalt as potassium-cohaltic ni- 
trite, just as given on page 22. 

The found percentages of metallic iron and cobalt are 
deducted from the nickel. 

U'he iron may also be separated from the nickel and 
cobalt by neutralizing the acid solution with ammonium 
hydrate, then adding acetate of sodium or ammonium, and 
finally precipitating with a neutral alkaline succinate at 
a gentle heat, and filtering the succinate of iron from the 
solution which contains the rest of the metals. The pre- 
cipitate of iron is washed with cold water, then with warm 
ammonium hydrate, and by ignition converted into ferric 
oxide. 



Alloy of Goppar, Zinc and Nickel. 

The residual mass remaining after the eva])oration of 
the nitric acid is taken up with water, the solution acidi- 
6 
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lied with hydrochloric acid, and hydrogen sulphide addet 
to tlirow down the copper. (See p. 48.) The filtered 
copper sulj)hide should be dissolved aiid the precipitation 
repeated. (See Brass, p. 50.) 

Boil the filtrate to fully expel the hydrogen Biilphide- 
(finally adding a lew drops of nitric aeid), and mix with il 
BO much so<liuin carbonate that merely the slightest trace of 
free acid exists in the solution. We can very rendily hit this 
point if we add sodium carbonate, drop by drop, until t, 
precipitate is just produced, and this then dissolved 
drop of hydrochloric acid. Conduct hydrogen sulphide into 
this (cold) solution as long as zinc sulphide is precipitated, 
then add n few drops of a dilute sodium acetate solution 
and more hydrogen sulphide, until the liquid is fully satn- 
ntted with the gas. After standing twelve hours, the ssinc 
sulphide is filtered, washed and weighed (p. 20). 

If this mode of procedure is closely pursued, the zina 
Bulpliide that is obtained is pexfectly free from nicfceh 
ia advisable to redissolve the precipitate and repeat thfl 
precipitation. 

After boiling off the hydrogen sulphidein the filtrate, the 
nickel is precipitated and determined as given on page 

When cobalt and iron are present, the nickel ie to he 
separated from these. (See p. 61.) 

Another method of separation for these metals depend* 
upon the deportment of a solution of the cyanides of tk6 
bases in potikseium cyanide with potassium sulphide. The 
concentrated solution (free from hydrogen sulpiiide) of the 
two metals is mixed with an excess of sodium hydrate, 
and the precipitate formed dissolved in potassium cyanide, 
and upon the addition of potassium sulphide onlyzini 
phide will be precipitated. 

The filtrate from the zinc sulphide is boiled, and a drop' 
of ai/iia regia added to decompose the [lotassium-nickd 
cyanide. The ebullition '\& continued until the odor of 
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hydrocyanic acid is no longer j>ercept.iblc, and the nickel 
then precipitated in the usual manner with sodium hydrate. 
As the zinc sulphide precipitateil by potassium sulphide 
readily retains some of the precipitant^ it should not be 
directly weighed, but be again dissolved in hydrochloric 
acid, and after the removal of the hydrogen sulphide the 
zinc is precipitated with sodium carbonate (p. 18). 



Alloy of Tin, Copper, Iioad and Zinc. 

If the^alloy can be pulverized, mix a weighed (>ortion 
of the some (about 1 grm.) in a porcelain crucible with 6 
to 7 times its quantity of equal ()arts of sodium carbon- 
ate and sulphur, then fuse. The aqueous extract of the 
fused mass contains the sodium-tin sulphide, while the 
residue consists of the sulphides of the other three mietals. 
The latter are filtered with exclusion of air, and washed 
with water containing hydrogen sulphide. From the 
sodium sulphide solution the tin is thrown down and 
estimated as in the analysis of Soft Solder (p. 55). 

Dissolve the sulphides of copper, lead and zinc in 
aqua regia, and cva()omte the solution to dryness. The 
methods may here be employed which have alreiidy been 
given in the analysis of Brass (p. 40). 

If the alloy cannot be cut into small pieces, it must be 
oxidized with nitric acid. The method of procedure tlien 
is analogous to that employed in analyzing Soft Soldkr 
(p. 54). The residual stannic oxide, however, always 
contains weighable quantities of copper and lead, and 
must, therefore, be fused with soda and sulphur and the 
tin determined in the aqueous extract from the fused mass 
(P- 54). 

The remaining metallic sulphides are dissolved in nitric 
acid, and this then added to the original solution. For 
the rest, follow the method given on page 19. 
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Alloy of Tin, Lead, Bismuth and Cadmium. 

Wood's Metal. 

The residue that remains after evaporating the nitric 
acid is moistened with a little of the same acid, and the 
stannic oxide that has separated from the aqueous solution 
is filtered off. (See Bronze, p. 59.) To free the latter 
from the adhering metallic oxides (contains besides lead 
a tolerably large quantity of bismuthic oxide) fuse the 
washed precipitate with sodium carbonate and sulphur, 
and precipitate the tin as sulphide, according to* page 55, 
from the aqueous solution of the fused mass. 

The insoluble sulphides remaining after the treatment 
with water are dissolved in nitric acid, and this solution 
added to the original. 

After expelling as much acid as possible from the solu- 
tion, precipitate first the lead as sulphate, and then the 
bismuth as oxycliloride, proceeding in these operations as 
directed on page 5G. 

The filtrate from the latter i)recipitate is concentrated 
by evaporation, and the cadmium thrown down by hydro- 
gen sulphide gas as cadmium sulphide. The precipitate 
is collected upon a filter, dried at 100° C, and weighed, 
and then washed first with water containing hydrogen sul- 
phide, to which has been added some hydrochloric acid, 
and finally pure water is employed. The cadmium sul- 
phide is dried at 100° C, until constant weight is obtained, 
and from this is tlien estimated the metallic cadmium pre- 
sent — 

CdS : Cd=: 144 : 112. 

Instead of estimating the cadmium as sulphide it may 
be separated as carbonate, and this converted by ignition 
into oxide. The method of procedure in this instance is 
then perfectly similar to that described in the estimation 
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c as oxid<; ()i. 18). In igniting the precipitate, 
,care sbould be tuken to Lave previoualy removed it per- 
fectly from the Alter. However, to avoid the reduction or 
volatilization of nay adhereut cadmium carbonate while 
burning the Alter, moislcn tlie tatt«r with a solution of 

aium nitrate, dry, and then incinerate it upon a 
crucible lid. 

CdO : Cd = 128 : 112. 



Alloy of Tin, Lead, Bismuth and Mercury, 

The course of analyeis m similar lo that employed lu 
■ihe preceding example. In the filtrate from the bismuth 
OJtychloride precipitate the mercury as sulphide by hyilro- 
gen sulphide. The precipitate is collected as soon as pos- 
sible upon a weighed filter, washed with water, dried at 

10° C, and weighed. 

HgS : Hg = 232 : 20t». 

To separate the bismuth from mercury according to the 
Above directions, it is required that tlje latter be present 

the solution as n mercuric compound. To be certain 
that all the mercurous nitrate lias been converted into 
lercurlc nitrate, the digestion of the alloy with an excess 
of nitric acid is continued for some time. 



Alloy of Antimony and Tin. 

weighed quantity of the finely divided alloy placed in 
K covered porcelain dish is osidisted by the gradual addi- 
ion of strong nitric acid (1.4 ap. gr.), und heat then ap- 
plied, after the first aution has ceased, until the residue 
ippears perfectly wliitu. After evaporation the residue ia 
brought into it itilvcr crucible, tlie last [utrticlcs of oxide 
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iulhering to the dish being rinsed into the crucible with 
8(Mliuni hydrate, this then evaporated and the residue, 
mixed with eight times its bulk of solid sodium hydrate, 
and fused for some time at a red heat over an ordinary 
burner. To dissolve out the sodium stannate that has 
Wvn formed, pour a large quantity of hot water upon the 
c(M)1(m1 mass, stir well, and when the liquid has become 
cool add one-third vol. alcohol of 0.833 sp. gr. After 
the Hodium antimoniate remaining insoluble has subsided, 
iiltcr, washing the residue first with a mixture of equal 
volumes of water and alcohol of the above strength, and 
finally with three volumes alcohol and one volume water. 

To the alcoholic filtrate add hydrochloric acid to acid 
reaction,* and precipitate the tin by hydrogen sulphide 
as tin sulphide. This is finally estimated as oxide. (See 
p. i)i).) 

To estimate the antimony dissolve the sodium antimo- 
niate n|)on the tWter with a mixture of equal parts of hy- 
drochloric and tartaric acids. The solution is diluted with 
water and the antimony precipitated as sulphide. (See 
p. i')'2.) 

Alloy of Arsenic, Antimony and Tin. 

In commencing the analysis treat the finely divided 
aHoy precisely as in the fore«roing example. Besides the 
sodium stannate the; alcoholic filtrate from the sodium an- 
tinioniatet contains also the arsenic as sodium arseniate. 



* In case a wliite precipitate of sodium stannate separates out 
on the addition of tlie acid, it is not necessary to add enough of 
the latter to redissolvo the former, but it may be converted into 
sulphide by leading hycJvogen sulphide into the solution. 

t For the estimation of the antimony the sodium antimoniate 
is treated :is heretofore. 
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The liquid is again mixed with hydrochloric acid, and 
hydrogen sulphide conducted into it. As the arsenic 
acid is but slowly precipitated* as arsenic tersulphide, 
hydrogen sulphide should be allowed to stream through 
the solution heated to about 70° C, for some time. When 
the precipitation is complete, allow the solution to stand 
several hours in a warm place, and expel the excess of 
hydrogen sulphide by passing carbon dioxide through the 
liquid. The sulphides are collected upon a weighed filter, 
and dried at 100° C, until constant weight has been ob- 
tained.f 

To estimate the arsenic and tin in this mixture of arsenic 
sulphide, tin sulphide and sulphur, introduce a weighed 
portion of the precipitate into a bulb-tube,]: connecting the 
one limb of the latter with a hydrogen sulphide apparatus, 
while the other bending downwards dips into a solution of 
ammonium hydrate. 

To guard against any loss of arsenic sulphide a second 
absorption apparatus partly filled with ammonium hydrate 
is placed before the receiver. 

When the entire apparatus is filled with hydrogen sul- 
phide, commence heating the contents of the tube at first 
gently, but gradually intensifying the heat, as long as a 
coating of arsenic sulphide is produced. 

* Upon first passing hydrogen sulphide through an acid 
solution containing arsenic acid, there is no precipitation, be- 
cause the HjS has a reducing effect upon the acid ; HjAsO^-f- 
H,S=H,A803+S+H.,0. 

f In regard to the filtration of the tin sulphide, attention 
should be paid to what has already been said (p. 55). 

J It is very difficult to fill the weighed substance into the 
tube without suffering some loss, and it is therefore advisable to 
first dry the tube at 100° C., and determine its weight, then 
bring an indefinite amount of substance into it, dry at the same 
temperature, and re weigh the tube. 
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After the ajiparatus has cooled cut off tlie beat limb of 
tlie tube i mm <^il lately behind the bulb, and dJesolve out 
the Nublimute cnntained in it with warm dilute potaBsium 
liydnite. FiimHy, the })otassium hydrateand the cootenU 




or the bulb aru brought in a poruelain dish and evaporated 
to dryness ujion a watei'-bath. The residue is carefuUj 
oxdised with fuming nitric acid. Or hydrochlorio add 
may be poured directly upon the contents of tlie bulb, a 
Ijltlu [lotiLfsiiim ehluratc tidilcil, itnd hi^t :j.|iplie<] until all 
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s suspended nrscnic siilphklf! has been dissolved — the 
senic existing in the solution as itrsenic acid. 
In both instances the unoxidized sulphur tlmt remains 
>ehind should be filtered off, and ufter the addition in ex- 
eess of arainonium hydrate to the filtrate, throw down the 
c OS ammon-mngncsiuui urseniute. The precipitation 
and washing of the precipitate is executed as giveTi in the 
Aeterm illation of phosphoric acid. (See Sodium Phoaphjite 
-direct dutermination of the phosphoric acid, p. 25.) 
The precipitate maybe either dried at 105°— 110° C. upon 
feighed filter, and then weighed, or by gradual heating 
ft may be converted into magnesium arseniate. 

In the latter case the precipitate ia transferred to a por- 
eeloiiii crucible, the filter, after being moistened with am- 
\m nitrate, incinerated upon a platinum wire, and the 
whole then heated at first in un uir-bath to ISO^ C., the 
temperature being gradually increased to 400° C. Al'ter 
nntioning this several hours until all tlie ammonia has 
1 volatilized, the contents of the cnicible are gradually 
inore strongly ignited, finally to intense rcilness. 

The precipitate dried at 100° C. has the composition 
MgNH.AHO, + H,0; 
nited prccipitiitc is 

Mg,As,0,. 
The tin sulphide remaining in tlic tube after the decom- 
Dsition is converted into oxide* by emptying it into a 
forceluin crucible, moistening with a few drops of nitric 
cjd, and then applying heat, at tirst gently, then grudu- 
filj raising it to a bright redness (p. ■'(5). 

a bnlb-tuhe of difiicultly fusible glass has been em- 
floyed in the opi-ration, the tin sulphide may be converted 

' The tin sulphide containa variable quantities of sulphur, 
] tlierefcre cuciiiot be determined in this fomi. 
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into oxide by igniting the former strongly, and passing a 
current of air over it. 

Another method of separation for these three metals is 
based upon the fact that from a potassium sulphide solution 
of their sulphides, sulphurous acid will precipitate the an- 
timony and tin as sulphides, while the arsenic will remain 
in the solution as potassium arsenite. The alloy is pre- 
viously oxidized with nitric acid, then evaporated to dry- 
ness, and the residue digested with potassium sulphide 
until perfect solution has been effected. The solution is 
now mixed with a large excess of aqueous sulphurous acid, 
and the whole digested for some time upon the water- 
bath, and finally boiled to expel all the sulphurous acid, 
and the liquid reduced to one-third its original volume. 

The sulphides of antimony and tin are filtered off, and 
separated as directed on page 65. 

The filtrate is acidified with hydrochloric acid,' and the 
arsenic precipitated by means of hydrogen sulphide. The 
arsenic tersulphide is filtered and dissolved in hydrochloric 
acid upon the addition of potassium chlorate, and deter- 
mined as ammon-magnesium arseniate as already above 
described. 

Cassiterite. 
Tin Stone. 

Composition, — Stannic oxide together with small quan- 
tities of ferric oxide. 

The method of analysis to be employied here readily fol- 
lows from what has already been given. As the mineral 
is not attacked by acids, a weighed portion of it should 
be dried at 100° C, then fused in a porcelain crucible with 
eight times its quantity of sodium carbonate and sulphur. 
The fused mass after becoming cool is treated with water, 
and the tin which has passed into solution in the form of 
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sodium-tin sulphide may be precipitated and determined 
as heretofore directed. Generally, after the treatment of 
the fused mass with water, there remains a slight black 
residue of iron sulphide, which is filtered, washed with 
water containing hydrogen sulphide, and then dissolved 
in hydrochloric acid with addition of some nitric acid. 
Upon the addition of ammonium hydrate to this solution 
the iron is precipitated as hydrated oxide of iron. (See 
p. 24.) 

Siderite. 

Composition — Ferrous carbonate together with man- 
ganous, calcium and magnesium carbonates. 

EstimcUion of the IroUy Manganese^ Calcium and Mag^ 
nesium. — A weighed portion of substance* (1.5-2 grms.), 
dried at 100° C, is placed in a well-covered porcelain 
dish and dissolved by the addition of hydrochloric acid. 
When insoluble gangue remains the solution is diluted 
with water and filtered, and the weight of the gangue 
determined by ignition in a platinum crucible. 

To separate iron from manganese and the alkaline 
earths, after either of the subjoined methods, it is required 
that the iron exist in the ferric state, whilst the manganese 
should be present in the form of protoxide. The conver- 

* In the analysis of ores and furnace products it is necessary 
to first obtain a good average sample. The ores, etc., are re- 
duced to small pieces the size of a pea in an iron mortar, and 
the sample then uniformly spread out. A small portion of the 
rather finely divided substance is removed with a spatula or 
spoon, placed in an iron mortar and rubbed to a fine powder. 
With this sample proceed as is generally done, grinding it in 
an agate mortar until no hard pieces are any longer noticed 
with the pestle. 
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sion of the ferrous chloride in the solution into ferric 
chloride may be effected by the addition of a sufficient 
quantity of concentrated nitric acid to the liquid, and 
heating until the latter has assumed a pure yellow color. 
Pulverized potassium chlorate may be substituted for nitric 
acid in the oxidation. To the perfectly cool and strongly 
diluted liquid* add first an excess of ammonium chloride, 
tlien neutralize the greater portion of the free acid 
with ammonium hydrate, finally with a dilute solution of 
ammonium carbonate. The precipitate produced by this 
last reagent disappears at first promptly when the liquid 
is stirred, but gradually more slowly, then add ammonium 
carbonate, drop by drop, until the liquid, after some 
standing, becomes somewhat turbid. If, however, too 
much ammonium carbonate has been added, and the pre- 
cipitate produced remains, mix in acetic acid, drop by 
drop, and allow it sufficient time to act, so that the preci- 
pitate may be dissolved by the least possible quantity of 
acetic acid. 

The solution is now brousjht to boiling and continued 
in ebullition until the carbon dioxide lias been com- 
pletely expelled. The separated precipitate of basic ferric 
oxide subsides very rapidly, and may be very quickly 
washed by decantation with hot water. At the close of 
the operation add a few drops of ammonium hydrate to 
the wash-water. 

If the liquid had not been exactly neutralized, or if too 
much acetic acid had been employed to effect the solution 
of the precipitate produced by ammonium carbonate, a 
portion of the ferric oxide may remain in solution, which 
would be indicated by the yellow coloration of the super- 
natant liquid. This being the case, add ammonium hy- 



* The separation from manganese is only a success when the 
quantity of iron dissolved in a litre is at the highest 8.4 grms. 
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drate, drop by drop, to slight alkaline reaction,* stir well, 
and allow the precipitate to subside. 

The precipitate of ferric oxide must be washed until 
the addition of silver nitrate to the filtrate causes no 
cloudiness, then dried, ignited, and weighed (p. 24). 

Another and much better method for the separation of 
iron from manganese is based upon the precipitation of a 
dissolved ferric salt as basic ferric acetate. The solution 
of the ferric salt is neutralized with sodium carbonate, 
proceeding just as in the neutralization with ammonium 
carbonate, and then adding sodium or ammonium acetate in 
somewhat of an excess. The solution is heated to boiling, 
causing the iron to be precipitated as basic ferric acetate, 
whilst the manganese (and the alkaline earths) remain 
dissolved. The rest is the same as in the preceding 
method. 

The filtrate from the iron should be acidified with hy- 
drochloric acid,t then concentrated by evaporation and 
the manganese precipitated as sulphide. The liquid is 
placed in a flask of about 200 C. C. capacity, mixed with 
ammonium hydrate to alkaline reaction, and then ammo- 
nium sulphide in slight excess added. J 

Fill the flask almost full with water (best boiled) and 

* An excess of ammonium hydrate should be avoided, since, 
if allowed to stand a while, manganic hydrated oxide is apt to 
separate. 

f Hydrochloric acid is merely added to prevent the separa- 
tion of manganic hydrate. 

J For precipitation employ yellow ammonium sulphide free 
of dissolved sulphur, or some that has not been decomposed by 
the action of the air. When the solution of the manganese 
salt that is to be precipitated contains a proportionately large 
quantity of ammonium hydrate, the precipitation of the man- 
ganese can be totally prevented if ammonium sulphide contain- 
ing polysulphides is employed. 
7 
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allow twelve hours for the mangimese sulphide to settle. 
It is then filtereJ nud wfiahed with water coutnining am- 
monium chloride und 8ul|iliiile (then proceed as directed 
on page 22), ignited and weighed. 

The filtrate from the manganese sulphide is acidified 
irith hydrochloric acid, warmed until the liquid becomea 
clear, and the separated sulphur then filtered off. Satu- 
rate the solution with ammonium hydrate and precipitate 
the calcium aa oxalate (p. 13), and the magnesium in the 
filtrate throw down as magnestum-ammoDium phosphate 
{p. IR). 

[Or, instead of precipitating the manganeae as sulphide, 
it may be removed from the solution by adding bromine 
water to the rather dilute acetate solution. The mangn- 
nesc present will fall down as binoxide. The solution 
should be lieated after adding the bromine, and the liquid 
then allowed to stand some Iioura before filtering. Wash, 
first by decantation, then upon the filter. It may now be 
directly ignited or redissolved and precipitated by sodium. 
carbonate and determined as prolosesqui oxide. In the 
filtrate determine the calcium and magnesium as above 
directed.] 

When rather large quantities of calcium are present in 
the aiderite, it is not advisable to first precipitate the man-' 
ganese by ammonium sulphide, because the alkaline solu- ' 
tion readily absorbs carbon dioxide and calcium carbonate 
will he admixed with the manganese sulphide. The pre- 
cipitation of the calcium as oxalate, therefore, here pre- ■ 
cedes that of the manganese. The filtrate from the ferric 
oxide, concentrated by evaporation, is mixed with 
nium hydrate to alkaline reaction, then rendered elightlf 
acid by acetic acid, and ammonium oxalate added. In 
the filtrate from the calcinm oxalate precipitate first the 
manganese, and, after destroying the ammonium sulphide 
with hydrochloric acid, remove the magnesium, as above 
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The carbon dioxide is detemuned afier the method 
given at page 33, and the water according to page 36. For 
both analyses the substance should have been dried at 
100° C. 

Instead of estimating the iron from the ferric oxide 
obtained,^ it is preferable, particularly when the ascertain- 
ment of the amount of iron is solely regarded, to employ 
the volumetric method of determination, which is excel- 
lent, both on account of its rapid as well as sure exe- 
cution. 

This method depends upon the following principle : If 
potassium permanganate is added to the acid solution of a 
ferrous salt, the latter will be converted into ferric oxide, 
and the color of the permanganate will disappear as long 
as ferrous oxide remains in the liquid. 

10FeO+Mn,O,=2MnO-t-5Fe,O„ or 

lOFeSO^ + 2KMnO^ + 8H,SO^==5Fe,(SOJ, + K,SO,+ 

2MnSO^-t-8H,0 

As soon as the oxidation is complete, the first drop of 
permanganate in excess will produce a distinct rose-red 
coloration. 

The estimation of the iron after this method is so exe- 
cuted that, to the liquid containing it in the ferrous con- 
dition, permanganate is added from a burette until a per- 
manent, slight red coloration is imparted to the solution. 

Since, in this process, the permanganic acid is reduced 
to manganous oxide, the iron solution must always contain 
a certain amount of free acid, to retain in solution the 
manganous oxide. As a permanganate solution, a liquid 
is employed which contains approximately 5.65 grms. 

* The direct gravimetric estimation of the ohtained ferric 
oxide only affords a correct result when alumina and phosphoric 
acid are not at the same time present, as they would also be 
mixed with the precipitate. 
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crystallized permanganate, dissolved in 1 litre of water. 
1 C. C. of this solution about corresponds to 0.01 grm. oi 
metallic iron. As the solution is not absolutely stable, do 
definite strength is assigned it. This is ascertained imme- 
diately before being employed. 

Fig. 5. 




Standardizing the Potassium Permanganate, — Weig» 
off about 0.2 grm. thin, clean, piano wire, dissolving i*» 
placed in a flask of about 200-300 C. C:, in dilute sul- 
phuric acid, with application of heat. To prevent the 
oxidation of any of the ferrous salt produced during the 
operation, there is secured upon the neck of the flask ft 
caoutchouc valve, which permits the exit of vapors, but 
prevents their entrance. Or, while the solution is being 
effected, a stream of carbon dioxide is conducted through 
the liquid to hinder the oxidation of the ferrous salt. 
Wlien the solution is finished, dilute the liquid with water 
(boiled water is best), adding afterwards dilute sulphuric 
acid. The permanganate solution is now passed in from 
a burette, until its color begins to disappear rather slowly, 
when it is added drop by drop, until the liquid has ac- 
quired a light rose-red coloration. To better perceive 
this, place a piece of white paper beneath the fljisk. 
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Read off upon the burette the number of C. C. perman- 
ganate that have been used. If a equals the weighed 
amount of iron wire, t the C. C. permanganate used, then 

1 C. C. of the latter will correspond to — grm. iron. 

As the piano wire is not absolutely chemically pure, 
containing upon an average about 0.4 per cent, carbon, 
therefore the weighed quantity of it must be multiplied 
by 0.996, to ascertain the actual amount of iron present. 
0.2 grm. piano wire, therefore, contains 0.1992 grm. pure 
iron. 

In place of the iron, in standardizing the permanganate, 
ferrous-ammonium sulphate may be employed. As the 
iron in this salt is exactly \ of its weight, in this case 1 

C. C. of permanganate would = — grm. iron. 

For the determination of the amount of iron in siderite 
proceed first as was done in standardizing the solution. 
The requirement is, that all iron be present in the ferrous 
state. Further, that the liquid to be titrated contains 
neither free hydrochloric nor nitric acid.* 

Dissolve 0.2-0.4 grm. (depending upon the amount of 
iron in the mineral) in hydrochloric acid, and evaporate 
the solution to dryness on a water-bath. The residue is 
saturated with an excess of dilute sulphuric acid, heated 
and then diluted with a large quantity of water.' When 
a large amount of insoluble silicic acid is present, it should 
be first filtered, in order that the final reaction may be 
better observed. As a portion of the ferrous oxide is con- 

* Hydrochloric acid has a direct decomposing effect upon 
potassium permanganate: — 

KMnO, + 8HC1= HCl + MnCl, + 5C1 + ^^fi- 
It is obvious that neither oxidizing compounds nor organic sub- 
stances decomposing permanganate should be present. 

7* 
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verted into ferric oxide while effecting solution and the 
evaporation of the liquid (siderite may also contain ferric 
compounds), the latter must be again reduced to the fer- 
rous state. To this end throw small pieces of zinc into 
the warm solution ; they will be dissolved with liberation 
of hydrogen gas. 

During tlie process of the reduction of the ferric to 
ferrous oxide the yellow color of the solution gi*adually 
disappears, and eventually it becomes colorless. The re- 
duction may be hastened by a continual, gentle heating of 
the liquid. When the disengagement of the gas has grown 
weaker, add more dilute sulphuric acid. 

Just as soon as the liquid has become colorless and all 
the zinc has passed into solution, without cooling the 
latter add potassium permanganate until the final reaction 
is observed. 

By throwing a piece of platinum wire or foil into the 
liquid simultaneously with the zinc, the reduction is more 
rapid than with pure zinc. 

Potassium permanganate may also be employed for the 
estimation of ferrous oxide in the presence of ferric oxide. 
Dissolve a weighed portion of the substance with exclusion 
of air (either in the above-figured apparatus supplied with 
a Bunsen valve or by allowing a current of carbon dioxide 
to stream over it), and the liquid may then be directly 
employed in estimating the amount of ferrous oxide. 

A second portion of the dissolved mineral is reduced 
with zinc and the entire amount of iron then estimated 
with permanganate. From the amount of permanganate 
used in both experiments tlie quantity of ferrous and ferric 
oxides may be readily calculated. 

If hydrochloric acid is required for the decomposition 
of the substance, the greater portion of it should after- 
wards be expelled, and during this operation a current of 
carbon dioxide should be allowed to pass over the liquid. 
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The titration should then occur in a cold solution, strongly 
diluted with water. 

Another method for the oxidation of ferrous oxide, al- 
lowing the use of hydrochloric acid solutions, consists in 
oxidizing the ferrous oxide with chromic acid. 

With ferrous salts, chromates are so decomposed that 
ferric compounds are formed, and the chromic acid is re- 
duced to oxide. 

2H,CrO, -h 6FeO = Cr.O, -|- SFefi, + 2Ufi. 

A liquid containing 4.919 grms. dry potassium chro- 
mate, dissolved in 1 litre of water, is employed as a 
normal solution. For standardizing the solution, an in- 
definite amount of iron or ferrous-ammonium sulphate is 
weighed off, this dissolved in hydrochloric acid, and to it 
added a solution of potassium bichromate, until all the 
ferrous oxide has been converted into ferric oxide. Fer- 
ricyanide of potassium serves as an indicator. The final 
reaction is ascertained by placing a drop of the liquid upon 
a porcelain plate, and adding to it a drop of ferricyanide 
of potassium. As long as a blue precipitate, or blue colora- 
tion, is produced, ferrous salts are still present. The 
chromate solution is added until the coloration no longer 
occurs. 

Hematite. 

The pure mineral consists of ferric oxide, water, and 
gangue, insoluble in acids, and besides weighable quan- 
tities of manganic oxide, alumina, calcium, magnesium, 
phosphoric and sulphuric acids are some of its general 
constituents.* 

* Is there, which is seldom the case, a determinable amount 
of copper present, it is precipitated as sulphide from the hydro- 
chloric acid solution (p. 47). In the first precipitation it gene- 
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When the hematite contains merely the first-mentioned 
constituents, all that is necessary to estimate the ferric 
oxide, is to dissolve in fuming hydrochloric acid from 
0.2 to 0.3 grm. substance, finely pulverized and dried at 
100^ C, and determine the iron, after previous reduction 
to protoxide, after the method given in the analysis of 
Sidc^ritc. 

Another volumetric method for the determination of 
iron, which can only be employed provided the solution 
contains tlie iron in the ferric state, depends upon the re- 
duction of the ferric oxide by a stannous chloride solution 
of known strength. 

Stannous chloride decomposes ferric chloride to ferrous 
chloride and stannic chloride : — 

Fc^CIb + SnCl, = SnCl, + (FeCl,),. 

The excess of stannous chloride added is determined by 
a solution of iodine in potassium iodide. 

2SnCl, + 21 = SnCl, -f- SnI,. 

If starch paste has previously been added to the liquid, 
the end of the reaction, when all the stannous chloride has 
been converted into stannic chloride and iodide, wiU be 
in<licatc(l by the appearance of starch iodide, which will 
impart a distinct blue coloration to the liquid. 

For the execution of this method there is required : — 
1. A solution of ferric chloride of known strength. 
This may be ])rcpared by dissolving 10.04 grms. thin 
])iano-forte wire (sec the standardizing of the permanga- 
nate solution) in hydrochloric acid, and gradually adding 
pulverized potassium chlorate for the conversion of ferrous 
to ferric oxide. Finally the solution is boiled to expel all 
the chlorine present, and after cooling diluted to 1 litre. 

rally contains iron, and should, therefore, be dissolved and 
reprecipitated. 
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2. A stannous chloride solution, which may be prepared 
by dissolving about 15 grms. of tin in hydrochloric acid. 

3. A solution of iodine in potassium iodide. This may 
be made by dissolving about 5 grms. iodine in potassium 
iodide, and diluting to 1 litre. 

The ratio of the stannous chloride solution to the iodine 
solution may now be determined by measuring off about 
2 C. C. stannous chloride, adding a few drops of thin starch 
paste, and allowing an iodine solution to pass in drop by 
drop from a burette, until the liquid becomes blue. The 
number of C. C. required is noted. 

To fix the ratio of the stannous chloride to that of the 
ferric chloride, measure off about 10 C.C. of the latter in 
a small flask, and to the boiling liquid add from a burette 
stannous chloride, until the yellow liquid has become per- 
fectly colorless. After the solution is cool, mix starch 
paste with it and determine the excess of stannous chlo- 
ride by means of iodine. 

As the ratio of the stannous chloride solution to that of 
the iodine has been previously determined, the actually used 
C. C. of the stannous chloride necessary for the reduction 
of the ferric solution can be easily cjJculated, by deducting 
from the used stannous chloride that calculated from the 
iodine solution that had been added. As stannous chlo- 
ride gradually oxidizes upon preservation, its strength 
must be ascertained upon every occasion when it is used. 
In order to avoid this oxidation Mohr proposed to pre- 
serve it under a petroleum layer (about 10 mm. deep). 
The most practical arrangement of a flask serving for this 
purpose is pictured in Fig. 6. 

The determination of ferric oxide in hematite is exe- 
cuted exactly as in the standardizing of the solution. 

The gangue or matrix in hematite, which is insoluble in 
hydrochloric acid, should be ignited in a platinum crucible 
and weighed. 



If the port on of substance Ir ed at 100° C. continues 
to lose water upon stronger gnitiun this may be readflf 
estimated by glow ng ge tly 




If the mineral conlaitis tlie above-mentioned ailmixtures, 
t)ie silicic acid, manganese, calcium and magnesium maf 
be estimated as directed in the analysts of Siderite (p. 71)i 

The ferric oxide eeparated from manganese contaiiA 
also some silicic aciil, together with all the alumina and' 
phosphoric acid. 

The silicic acid and alitinitia in the ignited and weighed 
precipitate may be estimated by fusing the latter in 
platinum crucible with 5-S times its quantity of polasBinO 
liyiirosulphate (acid sulphate of potaHsium), increasing 
heat gradually to a strong red glow, and tbcn extracting 
the cooled fused mass with water. The residual silidl 
acid ia filtered off, and weighed after ignition. 
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The quantity of alumina is I'oiini! wlien the rest of the 
silicic auid, llie phosphoric acid, atid tlit: directly tlctcr- 
mined ( vol u metrically) iron have been Bublracted Irotn 
the weighed precipiiiate of ferric oxide. 

The estimation of the phosphoriu acid is best executed 
another portion (3-10 grms.) of the dried Bubslancc. 
7he fltiely pulverized substance ia digested with nitric 
aetd* to perfect decomposition, evaporated to dryness, and 
the residue warmed with dilute nitric acid. After dilution 
with water, filler off the silica and precipitate the phos- 
phoric acid by ammonium molybdate (see p. 25). 

When the mineral cannot be perfectly deuorapoBcd by 
nitric acid, mix it with sis times its quantity of a mixture 
of G parts sodium carbonate and 1^ parts silica ; then fuse 
in a platinum crucible for about one-half hour — not allow- 
ing the temperature to become loo great. The aqueous 
extraction of the fused mass contains all the phosplioriu 
acid. 'W'hen manganese is present in large quantities, 
potassium manganatc will be dissolved, and the solution 
have a gi'een coloration imparted to it ; now add a few 
drops of alcohol, and warm ; filter the colorless liquid, and 
wash the residue with water containing some sodium car- 
bonate. 

Hydrochloric acid is gradually added to acid reaction 
to the alkaline solution, and ihe whole heated until the 
carbon dioxide has been expelled, and the liquid then 
evaporated to dryness to cause the separation of the silicic 
acid. Dissolve Ihe residue in water, filter, and pnscipitate 
the phosphoric acid by the addition of ammonium niotyb- 
date (p. 25). 

Determine the sulphuric acid by fusing a weighed por- 
tion of the mineral with an equal quantity of sodium car- 

• The liquid from which the phosphoric Hcid is to be pre- 
cipitstetl should not pontain any hydrochloric acid. 
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bonate, dissolving the fused mass with water, and, after 
separating out the silicic acid (see above), precipitate the 
filtrate with barium chloride. 

The determination of the sulphuric acid in the hydro- 
chloric or nitric acid solution affords less accurate results, 
because, upon the one hand, the barium sulphate invariably 
contains iron, while, upon the other, it is more or less 
soluble in ferric chloride. 

In estimating the water in hematite containing the alka- 
line carbonates, care must be taken not to determine it by 
loss, but it should be directly estimated (p. 36). 



Iiimonite. 

Composition, — Hydrated ferric oxide, with manganic 
oxide, alumina (calcium oxide, magnesia), phosphoric 
acid, silicic acid, sulphuric acid, and gangue insoluble in 
acids. 

For the estimation of the manganese, alumina, calcium 
oxide, magnesia, silicic acid, and gangue, dissolve the pul- 
verized and dried (at 100° C.) mineral in fuming hydro- 
chloric acid ; and to separate the silicic acid evaporate the 
solution to dryness. Moisten the residue with hydrochloric 
acid, warm gently, then dilute with water and filter off 
the silicic acid and gangue. 

The oxides in solution are determined as directed under 
Siderite. 

When it is particularly desirable to determine the quan- 
tity of silica found together with the gangue, boil the 
residue obtained above for some time in a platinum dish 
with sodium carbonate, transferring the insoluble residual 
gangue to a filter, weigh, and dry at 100° C. The 
gangue should at first be washed with boiling water, then 
with water acidulated with hydrochloric acid, and, finally^ 
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with pure water. Dry the residue at 100° C, until the 
weight becomes constant. 

The silicic acid, dissolved by the sodium carbonate, is 
determined by acidifying the solution with hydrochloric 
acid, and evaporating it to dryness. Moisten the perfectly 
dry residue with hydrochloric acid, dilute with water, and 
filter oflf the remaining insoluble silica. After washing 
with hot water, ignite it strongly in a platinum crucible, 
and weigh. 

In determining the iron, proceed after page 75 or page 80. 

Phosphoric and sulphuric acids are determined as in 
Hematite. 

The water is ascertained either by ignition or after page 
36, in the presence of alkaline carbonates. 



Clay Iron Ore. 

Composition, — Ferric oxide, alumina, and water. 

When this mineral is completely soluble in hydrochloric 
acid, i. «., when the argillaceous residue after digestion 
with hydrochloric acid is free from ferric oxide, the latter 
may be best determined volumetrically according to page 
80. The insoluble residue is then filtered off, washed, 
ignited, and weighed. 

Should it happen that the iron cannot be. perfectly ex- 
tracted by digestion with hydrochloric acid, the mineral 
must then be decomposed by fusion. The finely pulverized 
substance is mixed with 4-5 times its quantity of sodium 
carbonate (or a mixture of 5 parts sod. carbonate and 7 
parts potassium carbonate), then fused. After cooling, 
dissolve the residue in hydrochloric acid, determining the 
iron volumetrically. 

When calcium and magnesium are present in the mine- 
ral, they are estimated as directed on page 71. 
8 
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The water is determined by loss, the air-dried substance 
being ignited. 

Magnetite. 
Magnetic Iron. 

Composition, — Ferrous and ferric oxides. The analysis 
may be variously executed. 

First Method, — Dissolve a weighed amount of the ex- 
ceedingly finely pulverized substance in hydrochloric acid, 
in a current of carbon dioxide gas, and then determine the 
ferric oxide with stannous chloride. 

A second portion of the substance is dissolved in hydro- 
chloric acid with the addition of potassium chlorate, and 
the entire amount of iron then determined as hydrated 
ferric oxide with ammonium hydrate (p. 23). 

Second Method, — In a weighed portion of the substance, 
treated as directed in the first paragraph of the first 
method, the ferrous oxide may be determined with potas- 
sium permanganate, and then in the same liquid, the en- 
tire amount of ferric oxide can be estimated with stannous 
chloride. Or, after the determination of the ferrous oxide 
with permanganate, reduce the liquid with zinc, and again 
estimate all the iron with potassium permanganate. 

Or, determine in one weighed portion the feiTous oxide 
with permanganate, while in another the amount of sesqui- 
oxide is ascertained by means of stannous chloride. 

With respect to the estimation of the admixtures occur- 
ring in magnetite the analyses of Siderite and Hematite 
may be referred to. 
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Bog Iron Ore. 

Composition. — Mixtures of ferric hydrated oxide with 
silicates of ferrous and ferric oxides, manganic oxide, 
alumina (cupric oxide), calcium oxide, magnesia, sul- 
phuric, phosphoric and arsenic acids, and organic sub- 
stances and sand. 

The oxides are determined as directed in the respective 
analyses of Siderite and Hematite. When arsenic acid 
and cupric oxide are present, the course of the analysis 
must be somewhat modified. After effecting the separa- 
tion of the silicic acid and gangue (see p. 84), heat the 
hydrochloric acid solution, and while doing this pass in 
hydrogen sulphide gas, allowing the saturated solution to 
stand some time in a warm place ; then filter off the mix- 
ture of copper sulphide and arsenic tersulphide. 

As sulphur invariably separates out when hydrogen sul- 
phide is conducted into solutions of ferric oxide, and as 
this obstructs the filtration and washing, it is advisable 
to first reduce the ferric to ferrous oxide, by heating 
the liquid with sulphurous acid or sodium hydrosulphite. 
The excess of sulphurous acid is removed by ebullition, 
and hydrogen sulphide then added. 

The filtrate is boiled to expel completely the hydrogen 
sulphide, oxidized with nitric acid or potassium chlorate, 
and then employed for the estimation of the remaining 
oxides. 

The separation of the sulphides of arsenic and copper 
is effected by digesting the mixture on a water-bath with 
a solution of sodium or potassium sulphide, and filtering 
off the insoluble copper sulphide (p. 48). 

The addition of dilute hydrochloric or sulphuric acid to 
the filtrate will precipitate the arsenic sulphide, which is 
filtered, washed and dissolved in hydrochloric acid con- 
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taining potassium chlorate (p. 68). From this solution, 
after neutralization with ammonium, the arsenic acid may 
be thrown down, as magnesium-ammonium arseniate 
(p. 69). 

As the copper sulphide that remains invariably con- 
tains iron, it must be dissolved in concentrated nitric 
acid, and after the evaporation of the latter, it is repre- 
cipitated by hydrogen sulphide. 

The iron contained in bog iron ore may be best estimated 
volumetrically in a. separate portion of substance. If 
stannous chloride is then employed, the ferrous oxide 
present must first be converted into ferric oxide by warm- 
ing the solution with potassium chlorate. 

For the estimation of ferrous in presence of ferric oxide, 
see Siderite (p. 71), and Magnetite (p. 86). 

The phosphoric and sulphuric acids are determined as 
directed on page 83. 

Owing to the presence of organic substancies, the 
amount, of water cannot be estimated by ignition, nor 
even by absorption, because upon igniting with lead oxide, 
the hydrogen of the organic compounds will be oxidized 
to water. 

Dry a portion of the substance in an obliquely inclined 
platinum crucible, and apply heat — at first gently, but 
gradually increasing it. By this means we will be able 
to ascertain the percentage of water plus the organic 
material. 

Chromite. 

Chromic Iron. 

Composition. — Chromic oxide, ferrous oxide (ferric ox- 
ide), alumina, magnesia ; sometimes, as impurities, man- 
ganous oxide, calcium oxide, and silicic acid. 

The analysis of this mineral has long presented great 
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difficulties, because the chromite is neither attacked by 
acids (with the exception of concentrated sulphuric acid; 
see below), nor by fusion with alkaline carbonates. 

Tlie decomjK)sition may, however, be very easily 
effected, if potassium fluoride dissolved in hydrofluoric 
acid be made use of, as proposed by Gibbs. 

The finely powdered mineral is eva|)orated with a con- 
centrated solution of potassium fluoride in hydrofluoric 
acid, and the platinum crucible heated to faint redness for 
about one-half of an hour. After the decomposition the 
fused mass in the platinum crucible is warmed with hy- 
drochloric acid, until hydrofluoric acid no longer escapes. 
Should there, after this, remain an insoluble green colored 
residue, filter it off, and repeat the ignition with potassium 
fluoride. Generally, however, in most cases one fusion is 
sufficient to cause a perfect decomposition of the mineral. 

The chromium oxide is separated from the other oxides 
present by diluting the solution largely with water, mix- 
ing in with this sodium carbonate in slight excess, and 
then adding sufficient bromine water* to oxidize the chro- 
mic oxide to chromic acid. The liquid should be con- 
stantly stirred, and heated to 80° or 90° C, and tlie 
insoluble oxides finally separated by filtration from the 
sodium chromate. 

The chromium may now be estimated, either as barium 
chromate or chromium oxide. 

For the execution of the first method acidify the alka- 
hne chromate solution slightly with acetic acid ; then heat 
to boiling, and add barium acetate, and after the solution 
has cooled mix with it some alcohol. When the barium 
chromate has perfectly subsided, it is filtered off, and 

* The bromine water at the same time converts ferrous and 
luanganous to ferric and manganic oxides. 

8* 
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washed with water containing ^^ vol. alcohol, dried and 
gently ignited. 

To avoid a reduction of the precipitate adhering to the 
filter, moisten the latter with a few drops of ammonium 
nitrate, dry and incinerate upon a platinum wire. 

2BaCrO, : Cr^O, : : wt. BaCrO^ : x. 

To estimate the chromium as oxide, add sulphurous 
acid or alcohol to the solution acidified with hydrochloric 
acid ; then boil. Precipitate the chromium in a platinum 
or porcelain dish, with ammonium hydrate. When alco- 
hol has been employed it should be expelled by boiling 
prior to the precipitation. 

The insoluble oxides (ferric oxide, alumina, manganic 
oxide, calcium oxide, and magnesia), which, after treat 
ment with bromine water, were precipitated with sodium 
carbonate, are dissolved in hyd^Cnloric acid, and sepa- 
rated according to page Yl. 

The iron precipitate produced by boiling the solution 
with ammonium carbonate or sodium acetate contains all 
the aluminum, which may be either determined by difi*er- 
ence or directly. 

In determining the aluminum by difference, the yet moist 
iron precipitate is dissolved in hydrochloric acid, and the 
solution reduced to a definite volume (about 200 C. C). 
In the one half the entire amount of alumina and ferric 
oxide is found by precii)itation with ammonium hydrate 
(p. 23 and p. 37), whilst in the other measured portion of 
the liquid the iron is volumetrically estimated. 

The direct determination of aluminum in the presence 
of ferric oxide is based on the principle that the former is 
not precipitated by ammonium and ammonium sulphide in 
the presence of tiirtaric acid. Mix the hydrochloric acid 
solution with an excess of tartaric acid, add ammonium 
hydrate and sulphide, and filter ofi* the iron sulphide, the 
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air being excluded, and wash with water containing am- 
monium sulphide. 

The filtrate in a platinum dish, after the addition of 
sodium carbonate, is evapoi-ated to dryness and ignited, 
until all the carbon has been burned. In the hydrochloric 
acid solution of the residue the aluminum is thrown down 
by ammonium hydrate. 

This method has not the least advantage over the pre- 
ceding, and, besides, is much more detailed and less accu- 
rate. 

For the estimation of ferrous oxide contained in chro- 
mite, introduce about 0.5 grm. of the finely pulverized 
mineral into a glass tube closed at one end, and drawn 
out at the other. Pour over the substance about 10 C.C. 
of sulphuric acid of 1.34 sp. gr. The tube is now sealed 
above, and heated in ^ paraffin-bath at 250^-300° C. for 
ten hours. When the mineral is completely decomposed, 
break off the point of the glass tube, pour its contents into 
water, rinse out the tube with water, and determine the 
ferrous oxide with potassium permanganate (p. 75). 

If the chromite contains silicic acid it cannot, of course, 
be determined in the portion decomposed by potassium 
fluoride. For this purpose a separate portion (or in the 
direct determination of the ferrous oxide, the same por- 
tion) should be decomposed with sulphuric acid as above 
described. All the silicic acid will remain behind upon 
diluting with water. 

[Another method for decomposing chromite, proposed 
by Dr. Genth, and which is very satisfactory, is the fol- 
lowing: — 

Take 0.5 grm. of the impalpable powder, and fuse in 
a capacious platinum crucible with 6 grms. of potassium 
bisulphate for fifteen minutes, at a temperature scarcely 
above the fusing point of the latter ; then raise the heat 
somewhat, so that the bottom of the crucible may just ap- 
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pear red, and keep it so for fifteen or twenty minutes. 
The fusing mass should not rise higher than half way up 
the crucible. The mass begins to fuse quietly, and abun- 
dant fumes of sulphuric acid escape. At the expiration 
of twenty minutes the heat is increased as much as neces- 
sary to drive out the second equivalent of sulphuric acid, 
and even to decompose partially the sulphate of iron and 
chromium. To the fused mass now add 3 grms. pure 
sodium carbonate, heat to fusion, and add in small por- 
tions from time to time during an hour 3 grms. nitre, 
maintaining a gentle red heat all the while ; then heat for 
fifteen minutes to bright redness. Treat the cold mass 
with boiling water, filter hot, wash the residue with hot 
water, then digest in the heat with hydrochloric acid. 
If anything remains undissolved, it is a portion of the ore 
undecomposed, and must be subjected to the above opera- 
tion. To weigh such a residue, and deduct it from the 
ore first taken, is not good, as it never possesses the com- 
position of the original substance. The alkaline solution, 
which often contains, besides the chromic acid, also some 
silicic, titanic, and manganic acids, and alumina is evapo- 
rated with excess of ammonium nitrate on a water-bath 
nearly to dryness, and till all free ammonia is expelled. 
On addition of water, the silicic acid, alumina, titanic 
acid, and manganese sesquioxide remain undissolved, 
while the chromic acid passes into solution, and can be 
determined as above.] 

Pyrolusite. 

Manganese Ores. 

The naturally occurring pyrolusite consists generally of 
a mixture of manganese superoxide with hydrated oxide of 
manganese, ferrous or ferric oxide, quartz, clay, calcite, etc. 
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The commercial value of the ore depends upon the 
amount of manganese superoxide it contains. 

Estimation of the Water, — Dry a weighed portion of 
the substance at 120° C. until constant weight is obtain- 
ed. The drying may be greatly accelerated by heating 
the substance in a thick metallic dish, and stirring with a 
thermometer, until the latter has reached the temperature 
110° C. (Mohr.) As the dried substance absorbs 
moisture from the air tolerably rapidly, it should be trans- 
ferred while yet hot to a small glass tube, that can be well 
closed, and then allowed to cool. The dried mineral is 
employed for analysis. 

As regards the estimation of the manganese superoxide, 
various methods have been proposed, from which I cite 
only those in most frequent use. 

Method of Fresenius and Will, 

In the presence of an excess of sulphuric acid, manga- 
nese superoxide brought in contact with oxalic acid is so 
decomposed that manganous sulphate, carbon dioxide and 
water are produced : — 

MnO, + C,H,0, + H,SO, = MnSO, + 2C0, + 2l\fi. 

From the above we have one molecule manganese 
superoxide corresponding to two molecules of carbon di- 
oxide, or 87 parts MnO, by weight = 88 parts CO^. To 
ascertain the amount of manganese superoxide in a defi- 
nitely weighed quantity, it is only necessary to multiply 
the found amount of carbon dioxide by ||, or 0.98863. 
If a multiple of 0.98863 of black oxide of manganese, 
e. g. 3. 0.98863 = 2.9659 grms., be weighed off, it is after- 
wards only necessary to divide the found centigrammes of 
carbon dioxide by three, to ascertain directly the per- 
centage of manganese superoxide in an ore. 
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According to the quality of the ore, we employ for each 
estimation from 2.9659 M 4.9431 grms. The weighing 
is best performed in a tared porcelain or platinum boat. 
This operation must be rapidly executed.* 




The apparatus pictured in Fig. 7 is designed for the de- 
composition of the manganese ore. 

^ is a small flask of about 150 C. C. capacity; i,aglas3 
tube filled with pieces of pumice-stone ; c, tube containing 
e:ilcium chloride. The tube d extends almost to the bot- 
tom of the flask, and is closed above by a small glass rod. 

After transferring the manganese ore to A, add to it 
about 50 C. C. water, and, after the insertion of the tube b, 
mix in 4-5 C. C. concentrated sulphuric acid. When 



* A slight error cannot be avoideil, because tlie sample will 
invariably attract some moisture. If this is not allowable, the 
weighing of a definite ijuantity of the ore must be dispensed 
with, and a closeil glass-tube bo used in the operation. 
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alkaline carbonates are contained in the ore, they will be 
decomposed by the acid. The carbon dioxide may be 
removed by sucking on the tube rf, closing it again with 
the glass rod, and reweighing the apparatus. (Mohr.) 

As regards the quantity of oxalic acid necessary for the 
decomposition of the ore, we know from the above reac- 
tion that, for one molecule MnOj=87, one molecule of 
crystallized oxalic acid = 126 is required. Granted that 
the ore is chemically pure, 2.9659 grms. of it would, 
therefore, decompose 4.29 grms. oxalic acid. 

When the apparatus has been weighed, bring the 
weighed amount of oxalic acid rapidly into the flask A, 
and immediately close it. The libenited carbon dioxide 
will be perfectly dried by the pieces of pumice-stone 
moistened with sulphuric acid, and also by the calcium 
chloride. When the evolution of carbon dioxide com- 
mences to diminish, heat the flask until the liberation of 
the gas can no longer be observed. After the apparatus 
has cooled remove the glass stopper from the tube d, and 
dislodge the carbon dioxide that may remain in the appa- 
ratus by suction upon the calcium chloride tube r, then 
reweigh the apparatus. 

Method of Bunsen. 

When manganese dioxide is heated with hydrochloric 
acid, there are produced manganese chloride and chlorine 
gas:— 

MnO, + 4HC1 - MnCl, + CI, + 2H,0. 

If the evolved chlorine be conducted into a solution of 
potassium iodide, a quantity of iodine equal to that of the 
chlorine will separate out, and this may be estimated 
either by means of sulphurous acid (Bunsen), or, what is 
preferable, by sodium hyposulphite (Schwarz). 

When a solution of iodine in potassium iodide is mixed 
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witli Bodium hy|H)sii1|ihite, ihe hypnaulphurous acid will 

be converlod into telratliionic acid : — 

2H,S,0, + 21 = H,S,0, + 2HI nr 
2Na,S,0, + 21 = Xa,S,0, + 2NaI. 

On adding a. starch solution to t)ie iodine solution, the 
blue coloration of the lii]ui(i (stanch iodide) will diaappear 
the moment tlic iodine has become converted into hydriodic 
acid and sodium iodide. 

For the excuution of this method a sodium hyposulphite 
solution of known strength is required. This may 
prepared by dissolving 24.8 grma. of pure crystallized 
sodium hyposulphite in 1 litre of water. As the solution, 
when exposed for some time to the air, oxidizes, and ac- 
cordingly loses its atandiird, it is well to add 5 grms. 
ammonium carbonate to prevent as much as possible th6 
occurrence of tliis alteration. (Mohr.) However, in aD 
cases, it is advisable to determine accurately tlie actu^ 
strength of the solution before using it. 

For this purpose dissolve 0.1-0,2 grm. pure iodine* id 
potassium iodide (should not contain any iodic acid), dt 
lute the .solution with water, aid add from a bui'ette tl 
hyposulphite solution to be examined until the iodine a 
lution bears a faint reddisii-hrown color. Bring into th 
a few C. C. of starch solution, t and again add sodiuin 



" For the pnxluction of pure iodine, mix tlip latter with o 
sixth its weight of potassium ^odide, dry in a watcb-glasB unti 
iodine vnpors arise, then cover it with a second watch-glai 
which will closely fit the first. By a constant gentle applicatio 
of heat the iodine in volatilized, condenses on the tipper watd 
crystal, and, after the coiuptetion of the sublimation, may I: 
collected, and preserved in a glass vessel provided with a wet 
fitting cork. 

t The starch solution ia prepared by pradually mixing fi 
pulverized starch with colil water (1 part starch to 100 pari 
water), and hcjitiug the solution to boiling. 
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I hyposulptiite drop by drop until the blue Boliition is jiiat 
I decolorized. It x represents tlie required C. C. of Bodiiim 
I hy^Bulphite eolution, a tbe amount of iodine taken, we 

I : Nu,S,0, + 511,0 = (/ : T.. 

I a: C C Bodium hyjjosulpliite contuin llierefore grms. 

■ pure hypoaulphitt!. 

The appMratiis (Fig. 8) of Bunsen (modified by Pre- 
ib} is commonly employed for the decomjiosition of 
UnnganeBC dioxide by means of hydrocLloric ui;id. 




is a Bniiill fliisk of iiboul 50 C. C cajiacity, which i 
fteonnected by means of a caoutchouc tubing with th 
lliipette-shajied tube 6, The latter at one end is drawn ou 
iJto a point and bent upwards. Tbe retort c is Slied one 



98 MKTtUJIt OF BCS8BN. 

third willi n wtlutiun of iKilossiiim iodide f 1 part pobissiuio 
iodidi! in If) [xirls waU-r). 

fiitroHiirfl tlip weighfd qusvntily of the piilveriwd nian- 
guncsn dioxide (<).l-i).2 grro.) iuto the flaak a, fill thit 
tlion to two-thirds its capacity with fuming liTdrochlorin 
noid, conni^ut a and h as soon as possible, pushing th« 
hittur into the niturt. Upon the Application of heat to ibu 
Htuk thd libi^ratiun nf chlorine commencea, nnd after ItODi 
iwo to thiw minutes' continued ehullilion, during which 
linii' uIkhiI oim-tliird of tlie liquiil will hiivf htun disiilH 




(iff, the dilorino will he pLTfecily expelled. Gmsp the 
tuhi? nt b witli the lelV hand and remove it from the liquid, 
continually applying heat with tlie right hand to the llaalc a. 
When the ronleni!' of llit retort become cold, which 
may be greatly hastened by sinking it in cold water, rl 
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the sotulion UHrduUy inio a benkcr, proceuUing tlien as 
directed in tlie BlMndnnlixAtioii of the solution. 

The [totussium ludiile aoiutioii tnuy be {irGvent«d from 
poeaing back into the flaak a, it' at tht; moment we place 
the niaiigunese dioxide in tlie Qaek a piece of magnosite 
be also added, whieh will durin;^ the decomposition afford 
a continiiniis stream of carbon dioxide. 

For the chlorine dietillation, Molir umkiin ime of the 
apparatus represented by Fij;. 0. 




The tube conducting tlie gaa is sunk into a gltme tube 

i 320-340 Mm. length utid •2r)-30 Mm. width, partly 

witli potassium iodide, and lliis thun intrmlueed into 

blnrger glass cylinder containing water. The cork a is 

lely inserted in the tubn containing tlie potassium 

When the distillation is finished, grasp the tube 

i a, and rapidly reinovi' it from tlii' liiinid. 
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The construction of a third piece of apparatus, proposed 
by Fresenius, is shown in Fig. 10. This form is superior 
to the preceding two, from the fact that it is impossible 
for the potassium iodide solution to recede. 

In regard to the calculation of the analysis, it must be 
borne in mind that 1 moleculd of found iodine (I,) cor- 
responds to 1 molecule chlorine (CI,), and therefore to 1 
molecule manganese dioxide (MnO,). 

Third Method. — The following method, generally know^n 
as the ** Iron test," is used principally in England for the 
determination of the value of manganese ores. The 
method is based upon the following principle : When man- 
ganese dioxide is heated with hydrochloric acid, there re- 
sult manganous chloride and chlorine. If the chlorine is 
allowed to act upon a ferrous salt, a corresponding amount 
of ferric salt will be formed, and what is more, by the 
action of one molecule manganese dioxide, two molecules 
iron dissolved as ferrous chloride are converted into ferric 
chloride. 

MnO, + 4HC1 == MnCI, + 2C1 + 2H,0 ; 
2FeCl, + 2C1 = Fe^CV 

When definite amounts of iron and manganese ore have 
been taken for the decomposition, it is only necessary, in 
order to ascertain Jhe quantity of manganese dioxide the 
latter contains, to determine the unoxidized portion of 
the ferrous salt. 

The apparatus shown in Fig. 11 is employed in the 
execution of this process. 

A and B are two small flasks connected with each other 
by means of a glass tube bent twice at right angles. B 
is filled with water, the glass tubing in it extending to 
the bottom. A contains the weighed quantity of iron — 
about 1 grm. piano-forte win; (ecpialling about 0.996 grm. 
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jeii p. 77), mill lli« lilnek oxide 

I After adding Tij-ilrochloric Hcid. connect Anuil B. and ngt- 

I bly hf^al- When ci>iupli't« solution hns been cffn-tpd, rv- 

!• tlie Iiknip, and in a short limc the wai^r in B will 

(Mow back into A, cooling its cunicnts. luiil {>r«ptri»g it 

far immediate titration with poiassium p«^rniaugHDnl<;. 




It should be ivinLiiilK.ivi '..■^'.■. i [|jo presence ol 

I liydrociiluric acid potassium penniuiguuate may be deconi- 

I posed (p. 78). To prevent this a largo dilution witli 

vatcr ie absolutely Deceasary. 

Representing the number of C. C. of permanganate i-e- 

I quired for the oxidation of the iron employed in ihu 

izperiment by m. and by h the C. C permanganate uaud 

[ upon the uddil.ioti of the mangaiieci- ore ufter the deemnpn- 
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sition, the difference of these two numbers, m — n =jp, 
would represent the quantity of iron converted by the 
manganese dioxide into ferric chloride. As 2 atoms of 
Fe are converted by 1 mol. MnO, from the ferrous to the 
ferric state, the quantity of MnO, in the weighed portion 
of the manganese ore is ascertained from the following 
proportion : — 

2Fe : MnO, : : p : x 

112 : S7 : : p : X 

87 
X = p^ = ;? 0.7768. 

Instead of metallic iron, sulphate of iron and am- 
monium (FeSO,+ (NH,),SO, + 6H,0) maybe advan- 
tageously employed for the decomposition. 2 molecules 
= 784 parts by weight of this salt, which will decompose 
1 mol. == 87 parts by weight of manganese dioxide. Pro- 
ceed exactly as heretofore. 

Provided that the quantity of manganese dioxide in 
the ore does not exceed 70 per cent., there are used for 1 
grm. ore about 7 grms. of the double salt of iron, and where 
the quantity of the dioxide is larger 8-9 grms. are taken. 

If 7/z = the C. C. permanganate necessary for the de- 
composition of the weighed quantity of the double sul- 
phate of iron and ammonium, and n the C. C. perman- 
ganate which were used after the reduction of the ore, the 
quantity of iron oxidized by the manganese dioxide is 

87 
again the difference between m and n = p ; p-—-^ 

p, 0.11095, corresponding to the quantity of manganese 
dioxide in tlie ore. 

As already mentioned (p. 77), solutions of ferrous 
salts containing hydrochloric acid are not suitable for 
titration with potassium permanganate. In this case the 
ferrous oxide may be more accurately estimated with po- 
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tuRsium chromrtte (p. 79). If the Tiorrrml Rolution con- 
tains exactly 4.919 grm8. potaRHium bichromate in a litre, 
each C. C. will be equivalent to {)A)0{tU)7 gnn. MnO,. 
When 0.48r)7 grm. manganese are taken, the C.(/. of po- 
taHHium bichromate eni[)]oye(l re[)reHent the percentage of 
manganese dioxides. 

Psllomelane. 

Composition, — Manganous oxide, oxygen, cu[)ric oxide, 
ferric oxide, oxides of nickel and cobalt, barium oxide, 
calcium oxide (magnesia), potassium, lithium, and water. 

Esttmatton of the Manganese^ Copper, Iron, Nickel, Co- 
halt, Jiarium, Calcium, and Magnesium, — About l.r)--2 
gmns. of the mineral, dried over sulphuric acid, are dis- 
solved in hydrochloric acid, and this solution, after being 
evtt[)orated almost to dryness, is dilut(»d with water. 'J'he 
insoluble residue (gangue) is filtered off, washed, ignited, 
und weighed. 

Heat the filtrate to boiling, and precipitate the barium 
with dilute sulphuric acid (p. 15), wash the precipitate of 
barium sulphate perfectly with boiling watxT, and in the 
filtrate determine the copper as sulphide by precipitation 
with hydrogen sulphide (p. 48). 

After the expulsion of the hydrog(;n 8idj)hid<i from the 
filtrate of the copper sulphides, convert the ferrous into 
ferric oxid(^, and separate the \\\XU\v from the renuiining 
oxides by neutralizing the solution with ammonium hy- 
drate and ammonium carbonate. (S(;e p. 71.) 

As the psilomelane generally contains but a slight 
quantity of ferric oxide, and its 8(q)aration Ixnng tolerably 
difficult, it appears advisable!, after th($ filtration and 
washing of the precipitate, to redissolve the same in hy- 
drochloric acid, and repeat the pro(;ipitation by saturating 
the solution with ammonium hydrate. 
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The filtrate from the ferric oxide should be concentrated 
by evaporation and placed in a flask, and after neutraliza- 
tion with ammonium hydrate, yellow ammonium sulphide 
is added in slight excess. When the precipitate produced 
has fully subsided, filter the sulphides of manganese, 
nickel, and cobalt, excluding air contact as much as pos- 
sible. Wash the mixture with water containing (NH^)jS. 
Remove the beaker containing the filtrate, replacing it by 
a porcelain dish, into which the precipitate is washed after 
breaking the filter. To avoid the loss of the particles ad- 
hering to the latter, dry the filter, and after incineration, 
add the ash to the principal portion. 

To effect the separation of manganese sulphide from 
the sulphides of cobalt and nickel, treat them with a mix- 
ture of 11 parts hydrochloric acid of 1.12 sp. gr. and 6 
parts hydrogen sulphide, and after digestion for a short time 
upon the water-bath, filter as rapidly as possible, and 
wash the residue with hydrogen sulphide, containing a few 
drops of hydrochloric acid. All the manganese sulphide 
will be dissolved, and after filtration it may be precipi- 
tated and estimated according to page 21. 

The sulphides of nickel and cobalt remaining undis- 
solved by hydrochloric acid are, after the incineration of 
the filter, ignited with free access of air and weighed as 
oxides. 

The quantity of nickel is usually too small to determine 
it separately. The separation of the two metals may, 
however, be effected by means of potassium nitrite. 

[The separation is as follows : — 

Precipitate the cobalt and nickel from the solution with 
potassium hydrate ; filter, wasli perfectly and then dissolve 
in hydrochloric acid. Evaporate this solution to dryness 
in a dish placed on a water-bath. Dissolve the residue in 
a small quantity of water. Add to the concentrated liquid 
a concentrated solution of potassium nitrite, which is ren- 
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lor, 



dered slightly acid by tlie addition of ratlier dilute acetic 
acid. Allow tJie whole to stand fur at least twenty-four 
hours ID a moderately warm place. The yellow colored 
double salt of cobalt sepnrateK slowly. When the precipi- 
tation IE complete, tlie yellow snpernatant liquid is liltered, 
and atier the salt has been thoroughly washed with sodium 
acetate, rinse it trom off the iilter into a beaker glass and 
boil for some time with dilute sodium hydrate. The co- 
balt will separate out as black hydrated oxide, and is 
easily washed. 

Determine the nickel in the first filtrate from the cobalt 
salt.] 

To determine the calcium and magnesium, acidify the 
filtrate from the sulphides with hydrochloric acid, and boil 
to expel the hydrogen sulphide. Filter the liquid vrhen 
Biilphur has separated ; precipitate the calcium as oxalate 
(p. 13), and subsequently the magnesium as ammou-mag- 
nesium plionphate (p. 16). 

To determine the mt^nesium accurately it is necessary 
to have previously evaporated the filtrate from the calcium 
oxalate to dryness and expelled the ammoniocal salts by 
gentle ignition. The magnesium is then estimated in the 
hydrochloric acid solution of the residue. 

Detfrmination of the A/ia/ies. — Tliis is best esecuted 
with a separate portion of substanee. Neutralize the 
hydrochloric acid solution with ammonium hydrate, and 
mix in ammonium carbonate as long as a precipitate is 
produced, then add ammonium sulphide in alight excess. 
The liquid is heated for some time upon the water-bath, 
and filtered, after the precipitate has fuUy subsided. 

The filtrate contains the alkalies togetlier with magne- 
eium and some calcium. First, destroy the ammonium 
sulphide with some liydrochluric acid, neutralize the fil- 
trate wilb iiiiimonhiiii hydriito, and add in excess oxalic 
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acid or ammonium oxalate, and evaporate the solution to 
dryness in a platinum dish.* 

By igniting the residue gently the oxalates of the alka- 
lies are converted into carbonates and the magnesium 
oxalate is altered to magnesia. (See p. 45.) By treating 
the residue with small quantities of hot water the alkalies 
are dissolved, and after filtering from the magnesia, the 
solution should be acidified with hydrochloric acid and 
evaporated to dryness in a small porcelain dish. Rinse 
the residue with absolute alcohol into a small fiask and 
add an equal volume of anhydrous ether. The flask is 
well corked and allowed to stand twenty-four hours with 
frequent shaking of its contents. 

Pour off the solution of lithium chloride in ethereal 
alcohol from the potassium chloride, washing the latter 
with a similar mixture and allowing the solution to eva- 
porate in the air. The lithium chloride as thus obtained 
invariably contains some potassium chloride, which re- 
mains undissolved by repeated extraction with ethereal 
alcohol. (See the analysis of Mineral Water.) 

Add a few drops of concentrated sulphuric acid to the 
lithium chloride remaining after the evaporation of the 
ethereal alcohol, and determine it as sulphate. (Determi- 
nation as potassium sulphate, p. 37.) 

By gently igniting the potassium chloride in a closed 
platinum crucible, it may be weighed as such (p. 31). 
The lithium sulphate and potassium chloride should both 
be examined for magnesia. 

* The liquid freed from the separated sulphur can under 
certain conditions contain sulphuric acid (from the ammonium 
sulphide used). This should be removed with barium chloride, 
before evaporating with oxalic acid. The ignited residue will 
contain magnesia and barium carbonate. (Sec p. 45.) 



SPHALERITE. 107 

Determination of the Oxygen, — The psilomelane very 
probably contains the manganese as dioxide together with 
manganous and manganic oxides, which, however, cannot 
be determined by analysis. All the manganese, therefore, 
present, is calculated as manganous oxide, and the amount 
of oxygen, corresponding to the oxide or dioxide, ascer- 
tained in a separate portion. 

The estimation is most accurately executed according 
to the method suggested by Bunsen (p. 95). The quan- 
tity of iodine separated by the chlorine in the decomposi- 
tion is in proportion to the sought amount of oxygen as 
254 : 16 or = 1 : 0.06299. 1 part iodine, therefore, cor- 
responds to 0.06292 part oxygen. 

Water Determination, — Best determined according to the 
method described on page 36. A tube of porcelain should 
be substituted for glass in this instance, as psilomelane 
only loses its water of crystallization at a high temperature. 



Sphalerite. 

Zinc-blende. 

The zinc-blende contains throughout together with zinc 
sulphide determinable quantities of lead, copper, iron, 
manganese, cadmium, and silicic acid. 

In the following lines the complete analysis of the 
mineral will be first described, and then tlie separate esti- 
mation of the zinc. 

Powder the mineral finely and dry it at 100° C. Dis- 
solve about 1 grm., placed in a porcelain dish covered 
with a watch-glass, either in fuming nitric acid, or aqua 
regittj for which purpose, first moisten the portion in- 
tended for analysis with water, and add nitric acid drop 
by drop between the watch-glass and the dish. When 



the acid lias acted for some timu in the cold, apply h«i 
eitlier U])on a water-batli or sand-bath, until red colored 
yajiors no longer appear, then evaporate to dryii«B8> 
Moisten the residue with hydrochloric acid, warm gentljf 
and add a large quantity of" water. Should any crystallin 
lead chloride remain undissolved together with the ganguo 
(only occurs when the blende is rich in lead), pour tha 
liquid through a filter and dissolve out the lead chloride 
from the residue with boiling water. 

The insoluble gangue remaining after the washii 
ignilod and weighed. 

To determine the lead, evaporate the hydrochloric acH 
solution with sulphuric add, until the former acid has been 
perfectly expelled, and weigh the lead as sulphate (p, 49), 

After the evaporation of the alcohol, precipitate thai 
copper and cadmium as sulphides with hydrogen etdphide. 
Wash with water containing hydrogen sulphide. If thft 
sulphides are digested with dilute Riilpliuric acid (1 part 
sulphuric aeid to 5 parts water), the cadmium will be dig 
solved, and may again be precipitated &om the filtrate a 
sulphide, and determined as BucJi (p. 64). The cop[)er 
sulphide, insoluble in sulphuric acid, is also estimated a» 
such (p. 48). 

Boil the filtrate from the sulphides until the hydrogen 
sulphide is perfectly expelled, then mix with it suflicient 
nitric acid or bromine water to oxidize all the ferrous to 
ferric oside. The iron is separated from the isiuc 
manganese by means of ammunium and ammonium car- 
bonate (p. 71), or, better, with sodium acetate. It » 
well, however, to remember that the precipitate of ferrift 
oxide invariably contains perceptible quantities of zina 
oxide i therefore, redissolve the filtered and imperfectly 
washed precipitate in hydrochloric acid, rcprecipitatln 
the iron by saturating the solution with ammonium by 
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drate. This is finally, as described at page 24, ignited 
and weighed. 

For the separation of the zinc and manganese, strongly 
acidify the liquid with acetic acid and conduct hydrogen 
sulphide gas through the hot solution. Ignite the zinc 
sulphide in a stream of hydrogen, and weigh (p. 20). 

To the filtrate from the zinc sulphide add ammonium 
hydrate, and precipitate the manganese with ammonium 
sulphide (p. 21). 

If, in the analysis of zinc blende, the estimation of the 
zinc is all that is required, proceed in the following 
manner : — 

The solution of the mineral is precipitated with hydro- 
gen sulphide gas, and, after boiling off the latter, oxidize 
the liquid with nitric acid or bromine water. Remove the 
iron by the addition of ammonium hydrate, and to simul- 
taneously precipitate the manganese add a few drops of 
potassium permanganate, or, what is less preferable, a solu- 
tion of microcosmic salt (am. sod. phosphate). As the pre- 
cipitate of manganese and iron produced by ammonium 
hydrate retains zinc (dependent upon the quantity of iron), 
it should, after filtering and washing with hot water, be 
redissolved in hydrochloric acid, and the precipitation, as 
heretofore, repeated. 

The zinc is either directly determined by ammonium 
sulphide, or, what is better,* it is precipitated from an 
acetic acid solution by hydrogen sulphide, and determined 
as sulphide (p. 19). 

When it is desirable to determine the zinc, not as sul- 
phide, but as oxide, in which case the precipitation with 
sodium carbonate should only be performed in platinum 

* Sulphide of zinc precipitated from a hot acetic acid solu- 
tion is more readily filtered than that produced by ammonium 
sulphide. 
10 
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vessels, or very excellent porcelain dishes, the removal of 
the iron is accomplished by neutralizing the solution with 
sodium carbonate and boiling with sodium acetate (p. 73). 

Instead of determining the zinc gravimetrically, it is 
frequently estimated volumetrically,* which is to be par- 
ticularly recommended when several determinations are to 
be made at the same time. Of the methods proposed for 
this purpose, only the most practical, and those affording 
the most accurate results, are described. 

The addition of a solution of sodium sulphide to an am- 
moniacal solution of zinc, causes, as is known, a white 
precipitate of zinc sulphide to be formed. The end-reac- 
tion is ascertained by means of lead paper. For this pur- 
pose take the best glazed paper, that generally used in 
the manufacture of visiting cards, and known in trade as 
polka-paper. For the production of the final reaction, a 
glass tube, rounded at both ends, of about 25 Cm. length 
and 7 Mm. diameter, may be taken. Stir the liquid well 
with this, and, by placing the finger upon the upper end, 
take out a portion of the solution. Place the tube upon a 
piece of lead pai)er, and allow the liquid to psiss drop by. 
drop from the tube into the glass. As soon as a slight 
excess of sodium sulphide is ])resent, a brown ring upon 
the lead-paper is perceptible, which necessarily grows 
more intense in proportion to the excess of sodium sulphide 
present in the liquid. 

If the liquid to be titrated contains a large excess of 
ammonium hydrate, a replacement between the suspended 
zinc sulphide and the lead salt occurs, whereupon a black 
ring of lead sulphide is produced before the zinc is pre- 
cipitated. It is, therefore, enjoined, that the ammonium 
hydrate be almost entirely expelled by boiling before the 
titration takes place. 



* The ammoniaoal filtrate from the iron and manganese may 
be employed for this purpose. 
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Cobalt-paper may be substituted for lead-paper. It is 
obtained by saturating Swedish filter-paper with a solution 
of cobaltic chloride (0.35 grm. in 100 C. C). When an 
excess of sodium sulphide is present, there is produced, 
after the absorption of a drop of the liquid to be tested, a 
sharply defined dark coloration. 

That the results of this process may be accordant, it is 
necessary always to obtain an equally strong reaction, both 
in the standardization of the sodium sulphide solution and 
when using the latter. The degree of dilution of the solu- 
tion to be titrated comes here into consideration, and, 
therefore, care should be had that this be approximately 
the same both in the standardization of the solution and 
the actual titration. 

The crystallized sodium sulphide (Na^S-f-^H^O) serves 
for the experiment. Its aqueous solution is diluted with 
water until 1 C. C. of the same is equivalent to 0.005 grm. 
zinc. 

The strength of the solution is ascertained with chemi- 
cally pure zinc. Dissolve the zinc in nitric acid in an in- 
clined beaker glass, add ammonium hydrate, until the 
precipitate produced by the latter has been redissolved, 
and, after diluting with water, titrate with sodium sul- 
pliide. 

As already indicated, exactly the same conditions must 
be observed in the standardization of the solution as in the 
actual analysis. For instance, if, in the solution of an ore, 
about 50 per cent, zinc has been found, there must have 
been in standardizing the sodium sulphide solution, sup- 
posing that 1 grm. zinc-blende was taken for the estima- 
tion, 0.49-0.50 grm. pure zinc dissolved, and the licpiid 
mixed with ammonium hydrate diluted with the same 
quantity of water as in the titration of the sample of on*. 

Sulphur Determination Zinc-blende may be very 

readily oxidized by fuming nitric acid, if the precaution 
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is only observed, to allow the acid to act at first for some 
time in the cold. The most practicable method of proce- 
dure is, after having moistened the ore with water, and 
placed in a well-covered porcelain dish, to add fuming 
nitric acid drop by drop, until, upon further addition, no 
action is any longer perceptible. After allowing the solu- 
tion to stand several hours, it should be gently warmed 
upon a sand- or water-bath. This should be continued as 
long as red vapors are formed. Add hydrochloric acid 
drop by drop, apply heat, and evaporate the solution to 
dryness. The residue is moistened with hydrochloric acid 
and dissolved in water. The sulphuric acid contained in 
the filtrate from the gangue is precipitated as barium sul- 
phate. 

Calamine and Smithsonite. 

Composition — Zinc, cadmium, copper, lead, iron, man- 
ganese, calcium, magnesia, carbon dioxide, silicic acid, 
and water. 

The analysis may be executed precisely as that of zinc 
blende. To determine the silicic acid in the presence of 
sand and gangue, boil the insoluble residue with sodium 
carbonate (p. 84). 

In the filtrate from the manganese sulphide, determine 
the calcium oxide and magnesia (p. 74). 

When the calcium is present in a rather large quan- 
tity, it is rather better to precipitate it first as oxalate, 
and determine the manganese and magnesia in the filtrate 
(p. 74). 

When weighable quantities of antimony and arsenic 
are present in the calamine, the course of the analysis 
must be somewhat altered. The precipitate produced by 
hydrogen sulphide, containing beside the copper and cad- 
mium also the arsenic and antimony as sulphides, is 
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digested with sodium sulphide, whereupon the latter sul- 
phides are dissolved, and can be, after filtering, reprecipi- 
tated as sulphides by the addition of dilute hydrochloric 
or sulphuric acid to the filtrate. Treat the dried precipi- 
tate with carbon disulphide to remove the sulphur mixed 
with it, and, after drying, again oxidize the precipitate 
in a porcelain crucible with fuming nitric acid. 

Proceed with the residue as directed at page 65 (Alloy 
of Antimony and Tin), dissolving the sodium antimoniate 
in hydrochloric acid, and determining the antimony as 
sulphide. Precipitate the arsenic acid in the filtrate as 
magnesium-ammonium arseniate (p. 69). 

As smithsonite loses its carbon dioxide perfectly upon 
ignition, it is not necessary to pursue the method given 
upon page 33. The water and carbon dioxide may be 
determined simultaneously. Weigh off into a porcelain 
boat from 1 to 2 grms of the mineral, and introduce this 
into a tube of difficultly fusible glass, connecting it with a 
previously weighed calcium chloride tube, to which is also 
attached a U-shaped tube filled with soda-lime. After 
having strongly ignited the substance, reweigh the tubes, 
and from the increase in weight calculate the amount of 
water and carbon dioxide. 



Phosphorite. 

Composition, — Calcium phosphate, with calcium chlo- 
ride and fluoride; also small quantities of ferric oxide, 
alumina (magnesia), alkalies, and water. 

Estimation of the Oxides. — First Method: 1-1.5 grms. 
finely-powdered, air-dried phospliorite are placed in a 
porcelain dish, concentrated hydrochloric acid added, and 
the whole digested for an hour upon a water-bath. When 

10* 
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the solution is complete, evaporate the liquid to dryness 
upon the water-bath, moisten the residue with hydro- 
chloric acid, and, after warming, dilute with water. The 
silica remaining insoluble is filtered off, washed, ignited, 
and weighed. 

Determine the calcium by evaporating the filtrate from 
the silica, and adding sulphuric acid and alcohol (avoid 
an excess of the former). For calcium sulphate see 
p. 29. 

The filtrate contains, beside^ the oxides of aluminum and 
iron, all the phosphoric acid. The separation of the 
latter is readily facilitated by adding lead acetate to the 
alcoholic solution as long as a precipitate forms, filtering, 
and washing perfectly the mixture of lead phosphate, sul- 
phate, and chloride with alcohol; after the expulsion of 
the alcohol precipitate the excess of lead in the filtrate 
with hydrogen sulphide. It is not well to undertake the 
estimation of the phosphoric acid in the precipitate caused 
by lead acetate, but it is necessary to determine it in a 
separate portion (see below). Boil the filtrate from the lead 
sulphide to expel the hydrogen sulphide, add ammonium 
chloride, and then nitric acid to cause oxidation, and pre- 
cipitate the iron and aluminum with ammonium (p. 37). 
These are separated as directed on page 90. 

The filtrate contains the magnesium and alkalies ; these 
are separated according to page 45. 

The preceding method is more particularly intended 
for the estimation of calcium in the presence of phosphoric 
acid than the separation of the latter from ferric oxide, 
alumina, etc., because, on the addition of an excess of 
sulphuric acid, a larger or smaller precipitate of lead sul- 
phate (lead phosphate and chloride) is produced, the fil- 
tering and washing of which require too much time. If 
the determination of the calcium is all that is desired, we 
can obtain very good results with the following method : 
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Mix the filtrate from the silicic acid with ammonium or 
sodium hydrate to alkaline reaction, and add a slight 
excess of acetic acid. When ferric oxide or alumina is 
present, the precipitate produced by ammonium or sodium 
hydrate does not fully disappear, and there remains un- 
dissolved iron or aluminum phosphate. 

After allowing the precipitate to stand twelve hours, 
filter, and in the filtrate determine the calcium as oxalate 
(p. 13). If a large excess of acetic acid was required to 
effect the solution of the ammonium- hydrate precipitate, 
it would be well before precipitating the calcium to 
almost neutralize (the liquid must react acid) the solution 
with ammonium hydrate, and then mix with it ammonium 
oxalate. 

Second Method, — The solution of the phosphorite, after 
filtering off the silicic acid and expelling the hydrochloric 
acid by evaporation, is mixed with an excess of metallic 
tin* and fuming nitnc acid, and heat applied upon a water- 
bath until all the metal has been oxidized. Thus, the 
phosphoric acid will be converted into stannic phosphate, 
which is insoluble in nitric acid. . Allow the precipitate 
of stannic phosphate and oxide to settle, filter the clear 
liquid, wash the precipitate perfectly by decantation with 
water containing nitric acid, and determine in the filtrate 
the oxides, as above directed. 

The precipitate of zinc phosphate and oxide may also 
be used for the estimation of the phosphoric acid. (See 
Analysis of Plant Ashes.) 

Fluorine Determination, — Its direct determination when 
existing together with phosphoric acid, in compounds in- 

* The tin should be 6-8 times the quantity of phosphoric 
acid present. 
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8<>luble in water, is accompanied with some difficulties, 
for which reason the calcium fluoride present is frequentlj 
calculated from the difference, as the phosphoric and hydro- 
chloric acids are united with the calcium, and the remain- 
der of the latter regarded as calcium fluoride. 

A direct method for the determination €i the fluorine is 
the following : — 

The finely pulverized mineral is mixed with fine silica 
(use tlie silicic acid separated from silicates) and potassium 
carbonate, then fuse at a gentle red heat.* 

The aqueous extraction of the fused mass contains all 
tlie fluorine as potassium fluoride as well as potassium 
phospliate and silicate. 

The phosplioric acid in this solution is thrown down 
with silver nitrate. Filter the silver phosphate, washing 
it with the least j)OS8ible quantity of water, and precipi- 
tating the excess of silver in the filtrate with sodium 
chloride. 

To separate the silicic acid contained in the filtrate from 
tlie fluorine, mix the solution with ammonium carbonate, 
digest for some time upon a water-bath, and evaporate 
the filtrate from the silicic acid to dryness. The hot 
aqueous solution of the residue contains not only potassium 
fluoride, but also always small quantities of silicic acid, 
which may be removed by adding to the solution sodium 
carbonate, and a solution of zinc oxide in ammonium hy- 
drate in slight excess, and then evaporating upon a water- 
bath until the liquid no longer imparts the odor of am- 
monia. Filter off the zinc silicate, wash it with water, 
and determine the fluorine in the filtrate as calcium fluoride. 
For this purpose pour the liquid into a platinum or porce- 
lain dish, bring it to ebullition, and after adding calcium 

* The ftpplication of a too intense heat should be avoided on 
account of the volatility of the fluorides. 
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chloride, continue boiling for some time. The solution 
should not be filtered until it appears perfectly clear. 
Wash the precipitate by decantation with hot water. Pour 
water over the precipitate, bring it to boiling, filter off the 
clear solution, and repeat this operation until the precipi- 
tate is perfectly washed, then rinse it on to a filter. 

The precipitate formed by calcium chloride is a mixture 
of calcium fluoride and carbonate (produced by the action 
of the sodium carbonate upon the calcium chloride). To 
separate the latter from the calcium fluoride, ignite the 
dried precipitate in a platinum crucible, and treat it, after 
cooling, with acetic acid. When the calcium carbonate 
is fully dissolved, evaporate the solution for the expulsion 
of the acetic acid to dryness upon a water-bath, and re- 
move the calcium acetate by washing with water. The 
now remaining pure calcium fluoride is again ignited and 
weighed. 

Chlorine Determination Dissolve about Ave grms. 

phosphorite in nitric acid and determine the chlorine as 
silver chloride. It must be remembered that while warm- 
ing with nitric acid too strong an application of heat will 
cause the volatilization of hydrochloric acid. 

Phosphoric Acid Determination, — Take about 0.2-0.3 
grm. substance and dissolve by digesting with fuming 
hydrochloric acid.* 

* In estimating the phosphoric acid in phosphorites containing 
considerable quantities of iron or aluminum, it is recommended, 
where it is desired to determine the phosphoric acid volumetri- 
cally, to employ 5 per cent, sulphuric acid for the decomposition 
of the mineral. The residue, consisting of gypsum, silica, ferric 
oxide, etc., is washed with water, and the filtrate, after being 
made alkaline with ammonium or sodium hydrate, is mixed with 
acetic acid to acid reaction. 
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When the decomposition is complete, the solation is 
eviiporated npon the water-bat h, moistened with nitric 
acid, again evaporated, and the residue, after the addition 
of nitric acid, warmed and dissolved in water. 

In this necessariljr previously filtered liquid precipitate 
the phosphoric acid with ammonium moljrbdate and deter- 
mine as magnesium pyrophosphate as directed on ps^ 25. 

Phosphoric acid maj be volumetricallj determined with 
very great accuracy. The following method is universailj 
employed in practical work. It is based upon the precipita- 
tion of the phosphate in an acetic acid solution with acetate 
of uranium. The moment that all the phosphoric acid has 
become uranium phosphate, is indicated by the addition 
of potassium ferrocyanide. With the latter compound, 
uranium salts produce a reddish-brown precipitate of ura- 
nium ferrocyanide. The following solutions serve for the 
execution of this method : — 

1. An aqueous solution of uranium acetate — ^not nitrate. 
Dissolve about 38 grms. crystallized uranium acetate in 
water, adding about 5 C. C. concentrated acetic acid to 
this, and diluting the whole to about 1 litre. 

1 C. C. of this solution is approximately equivalent to 
O.OOo grm. phosphoric acid. As basic salts separate out 
from the solution upon standing, it should be first filtered, 
after having stood some time, and the standardization 
then made. 

2. A solution of sodium acetate : obtained by dissolving 
100 grms. sodium acetate in 900 C. C. water, and adding 
100 C. C. acetic acid, of 1.04 sp. gr. 

3. A solution of neutral calcium phosphate (CajP^Og), 
serving for the standardization of the uranium solution. 
P'ormerly a solution of sodium phosphate* was used for 

* This solution contained 10.087 grms. crystallized sodium 
phosphate to the litre. 
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lis purpose.* More recent esperimentB have, however, 
roved tliut if llie urjuiium solution be taken for the deter- 
mination oi' the phffiiplioriv acid iMjmhineil with ealcium, a 

Icium salt muet also be used in the Htanilftrdizing of' tlie 
Cilution, becnuxe the quantity of plioaphoric a<;id in boIii- 
bna of calcium phosphate was in all caaes too low, where 

lium phosphate had been employeil as a basis in deter- 

ining the strength of the uranium solution. This oecur- 
btice la readily explained by the fact that uranium pLos- 
liate always precipitated with it smaU trocea of calcium 
liosphale. 

To obtain a solution of cnlcinm phospliate, dissolve 
bout 5.5 grma. dried, neutral calcium phosphate in the 
Inallest quantity of nitric acid possible (finally evaporating 
le excess), and dilute the liquid with water to 1 litre. 

The actual amount of phosphoric acid in Ibis solution 
Ray be ascerlained by the precipitation of 50 C. C. of the 
ime with a molybdic solution, or more readily by eva|>o- 
lUJng an equal quantity in a plntinum di^th, with tlie ad- 
Stionof some ammonium, igniting the residue, and weigh- 
Bg. 'JTie pho8]ilioric acid may be calculated from tlio 
i»,P,0, thus obtained. 

In dettrmining the stri^ngth of the urnnium solution, 
Itx 50 C. C. of the above calcium phosphate solution 
ith 10 C. C. of .sodium acetate, and allow the uranium 

ition to drop from a burette into the cold liqntd, until 

loet all the phosphoric acid has been converted into 
phosphate. t The solulion is boiled, and a drop 

the same placed on a porcelain plate, together with some 
lely pulverizcfl potassium ferrocyanide (or a freshly 
epared solution of this salt). The slightest excess of 

• Aberaer, MSrkerand Jnni On the Methods of Dett>rniining 
iMphoric Acid. Zi'itschrift I'iir Annlvtische Chemic, xii. 239. 
j^ The amount uecesparj for this is detcnuini"! Uj" a previous 
iperiment. 
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the uranium solution will be indicated by the reddisb 
brown coloration of the powder, or the potassium ferrocy 
anide solution. When the reaction is complete, read o 
the number of C. C. used, and from this calculate the 
strength of the liquid. 

In using this method for the determination of phos- 
phoric acid in phosphates, it is necessary that the test be 
executed under the same conditions (dilution of the phos- 
phoric acid solution, etc.) as in the standardization of the 
solution. 

The phosphorite is either dissolved in fuming hydro- 
chloric or 5 per cent, sulphuric acid, and in case the 
former has been used, the excess of acid is removed by 
evaporation, so that upon the subsequent addition of water 
the liquid will not be rendered turbid. The hydrochloric 
acid that remains is neutralized with ammonium hydrate 
(by all means avoid an excess), and the precipitate pro- 
duced by the latter dissolved in acetic acid. Finally, add 
10 C. C. sodium acetate, and dilute the liquid with water 
to the same volume as in the standardizing of the solution, 
proceeding then exactly as directed in that case. 



Boronatrocalcite. 

Composition Calcium, sodium, boracic acid, and 

water; frequently also potassium and sodium chlorides, and 
sodium sulphate. 

Determination of the Oxides First of all it is necessary 

to volatilize the boracic acid. Pour hydrofluoric acid over 
a weighed portion of the substance, and digest for some 
time upon a water-bath. After the mass has cooled, con- 
centrated sulphuric acid is carefully added di*op by drop, 
and heat gradually applied until the (j^xcess of sulphuric 
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*cid has been entirely expelled. By this process we vola- 
tilize all the boracic acid as boron fluoride, whilst the 
Jiises are converted into their corresponding sulphates. 

Ammonium fluoride may be substituted for hydrofluoric 
acid. The substance should be thoroughly mixed with it, 
and, after the addition of concentrated sulphuric acid, 
heated gradually. 

The sulphates are dissolved in hydrochloric acid, and, 
after neutralizing the solution with ammonium hydrate, 
the calcium is thrown down as oxalate (p. 13). 

The alkalies are estimated by evaporating to dryness 
the flltrate from the calcium oxalate;, and determining the 
residue — consisting of sodium and potassium sulphates. 
In connection with this it is well to bear in mind, that 
upon flnal ignition the addition of ammonium carbonate 
is required to convert any hydrosulphates into the corre- 
sponding neutral salts (p. 37). 

When potassium and sodium are present together, they 
are determined as given on page 46. 

The hydrochloric and sulphuric acids in the nitric acid 
solution are estimated as usual as silver chloride (p. 17) 
and barium sulphate (p. 15). 

Determination of the Boracic Acid as Potassium Boro- 
fluoride, — Neutralize the hydrochloric acid solution of 
the mineral with ammonium hydrate, and to the warmed 
liquid add ammonium carbonate in some excess. After 
the calcium carbonate lias fully subsided, filter and wash 
the same with water. To the filtrate add potassium hy- 
drate (1^ part potassium hydrate for 1 part borate) and 
concentrate it by evaporation, mixing then with the solu- 
tion so much hydrofluoric acid that upon the application 
of heat vapors of the acid are expelled, finally evaporating 
to dryness in an air-bath. By extracting the residue with 
a solution of potassium acetate, which contains 20 per 
11 
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cent, of the latter, all the potassium borofluoride will re- 
main undissolved. This is then transferred to a weighed 
filter, dried at 100° C, washed first with a sodium acetate 
solution, until the addition of calcium chloride to the fil- 
tratti produces no cloudiness ; then continue the washing, 
rej>lacing, however, the potassium acetate with strong 
alcohol. 

The potassium borofluoride is dried at 100° C, until 
the weight becomes constant. 

2KBF1, : BjOj : : wt KBFl, : x. 

The water in boronatrocalcite is best determined by 
mixing a weighed portion of the substance with a weighed 
quantity of newly ignited lead oxide, and then heating. 



Boracite. 

Composition, — It contains magnesium borate together 
with magnesium chloride. 

The separation of the magnesium from the boracic 
acid is effected by fusing the mineral with four times its 
weight of potassium carbonate and treating the residue 
with water. 

The magnesia remaining undissolved can then be either 
weighed as such after washing with hot water, or, what is 
])r(;fcral)le, it may be converted into magnesium-ammonium 
j)hoaphute (p. 10). 

Th(5 boracic acid is determined as before, and the chlo- 
rine precipitated from the nitric acid solution of a separate 
portion as silver chloride (p. 17). 

If the boracite (stassfurthite) contains water, determine 
this us directed in the analysis of boronatrocalcite. 




Analysis of SUloates. 

Th« coinimumia of silicic acid, by tlieir (liff«rent Ueport- 
ment with aui<ls, amy be divided into two gmU|)a, uiid 
may be dtslingiiislied a§ flilicatea decomposed, and silitatua 
not dt»!»in|)OBed, by acidd. 

Tn tbe first group bi^lung, for example, allogihnne, nnaU 
«ite, bolryolile, brewsterite, clmbttBitc, cronatedite, datlio- 
lile, dioptase, elaeollte, gadolinite, ^hlinito, helvin, euly- 
titc, lievrite, mMTsuliuum, moUinite, moeotype, nepholine, 
^eiiit^i, orthite, jM^vtolite, wt'rnt^rite. 

To the clafH insoluble in anids iMiIorig — 

Albile, atidalusite, aiigite, axinitt^ beryl, pnmii^ 

filtlorite, cyaniie, dialluge, diebroile. cuclose, felB[inr, potH*- 

•ium and magnesium mica, garnet, enrpbulile, labrudurite, 

iThodonite, oliguclaae, pitcbstone, peai'lslone, petidi te, pinite, 

ir]it!utine, silliinanile, steatite, talc, lurnialin, vcsuvianlte. 

Dtlermination of the Silicie Acid in Siliratei Deeom- 
^ fasrd by Acids, — Ordinary liydn>chloric auid is moat com- 
monly employed to effect tbe deeompoailion — very rarely 
concentrated nitric wtid (for exumplc, in silicales eimtuin- 
ing lead or silver oxides), or conconlrated sulphuric acid 
(excellent for docom[>asing silicates containing aluminum). 

Before, however, advancing to tlie actual analysis, It in 
necessary that tlie silicate should be extri-mcly Hnely pnl- 
verixed and then dried. Tlie latter can generitlly be ac- 
Domplished by heating the substancB designed for analysis 
in an air-balh at \0i)° C. In case the silicate loses water 
of combination already at ibis temperature, the drying is 
performed at a lower degree, or over concentrated sulphuric 
acid. 

Bring now ii weighed jiortion of ihe powder into a 
platinum or [lorcelain di.sh, moisten it throughout with 
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walfr, lliuB forming a piistj masE, ilien add Iiydrochlorio 
uciii, and apply heal upon a wal«r-bath, conslanily stirring 
the mims witli n gluss md. The silicic iicid alniOEi in- 
variably sepanilc-B out ns a gelatinous mam, and aided by 
a glass rod one may readily a»c?cttain if any hard mineral 
material is present or nut. However, it is well to meotiOD 
that if ganguc (quartz), or uu decomposable gilicalcs ant 
mixed with the silieale, the gritty noiflc produced by rub- 
bing with It glafls rod muy be due lo their presence. 

In decom{roaing the mineral with hydrochloric and, th« 
greater ]iortiun uf llie eiliric acid will sejiarate out (some 
eilicales arc perfectly soluble in dilute hydrochloric a^d), 
although a portion will probably remain in the hydrochlorin 
acid Hidution. For the complete fe^ianttion of the same, 
in all in)>ttinceH evaporate the moss lo dryness upon a water- 
balh, and heat the residue until hydruchioric acid no 
longer escapes, and a aandy, dry appearance is presented 
by it. When the silieale under examination contains 
nnilher ferric oxide nor alumina, the mass dried upon the 
waler-hftth can be advantageously heated for some time 
longer in an air-bath at 120" C 

In iH)th cases the cooled masa is moistened (Equally with 
hydrochloric arid, and then heated for half an hour in a 
cli>M>d vessel, aDer wbich hot vraler is added with cod- 
tinuitd stirring, and the silicic acid then filli^red. As the 
porcN of the filter are greatly obstructed by the acid, it i« 
bolter to wash tlie latter by decnnlation with hot water, 
and finally rinse it on to a filter. 

The filtruCe will always contain together with theoxidea' 
Hmnll qnantities of silicic acid, even if the latter bad be«Q 
dried ttt 120° C. In all accurate analyses, therefore, tha' 
tillruta must be again evaporated, and the residue treated., 
ON heretitfore. i 

Al'ti5r drying the precipitalc i(.'nite it and weigh. For 
tliif |»ll'|iiia(' ineiiisc tlic precipilutc in tiie fitlci', and ignitu 
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the sHine in a pliitiiiiim crucible, at first over nn ordinary 
burner until tltu pAjjcr has clmn'ed, tlieu' more strongly 
over B blost-lani|i. When the contents of the crucible 
present a (lark a|ipearan(;e — due to the iinburncd carbon 
of the paper — continue the ignition, with the crucible only 
partially covered, over un ordinary lamp, until tlie mass 
appears perfectly white. The ignition of the silicic acid 
T a blast-tamp should only bo executed in a well-closed 
cible, otherwise very conHideruhle quantities of it may 
be very easily carried away by the stroflg current of air- 
In all cases ascertain whether the silicic acid thus ob- 
tained is pure, nr if it still contains undecomposed mineral. 
Tliis is most simply discovered by heating a portion of 
e precipitate with hydrofluoric acid or ammonium fluo- 
ride, when no residue should remain. 

Certain silicates contain titanic acid, which will sepa- 
rate out with the silicic acid, provided tlmt the residue 
ubtuined in the tiral evaporation haa not bi^en mixed with 
i large quantity of hydrochloric acid, in which instance 
most of the titanic acid will be dissolved. For the estima- 
n of the titanic acid the residue, left after treating the 
silicic acid with hydrofluoric acid or ammonium fluoride, 
ie fused with potassium hydrosulphatc, the fused mass 
dissolved in water, Altered if uecessary, and the titanic 
ftcid precipitated by continued ebullition of the filtrate, 
through which a constant current of carbon dioxide is 
eoiiilucted and the evajiorati ng water replaced. The 
titanic acid Is washed with water and ignited with the 
nddition of some solid ammonium carbonate. If some of 
the titanic acid lias entered into the hydrochloric acid 
solution of the residue, it will be found with the aluminum 
■on precipitate produced by ammonium hydrate. This 
precipitate- is therefore fusinl wi Ih potassium hydrosulphate, 
the fVised mass dissolved in cold wa(«r and hydrogen s 
phide conduelcd ijjto (lie filtrate lo reduce any lerric oxide 
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«8 Blate. After complete reduttios 
the liquid is precipitated as above 



present to tlie li 
the titanic acid 
directed. 

Should this he (he case, treat the entire precipitate in 
a similar manner, heating the residue with sulphuric acid, 
and adding this solution to that dissolved in hydrochloric 

The estimation of silicic acid in tlie presfnee of tpiarla 
has been already described (p. Bi), 
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Composition. — Silicic acid, aluminum, sodium, water,- 
with BometimcB small quantities of ferric and catciiu 
oxides. 

The finely pulverized mineral, after being dried at 100* 
C, is treated with hydrochloric ncid, and the above direc- 
tions strictly followed. 

Tlie filtrate from tlie silicic acid is brought to boiling) 
and ammonium hydrate, free from csrhonie acid, thefp 
added, causing the precipitation of the ferric and aluminift: 
oxides. The boiling of the liquid should be continuM 
until the odor of ammonia is no longer [lerceptible ; thtf 
precipitate of the oxides is then immediately filtered^ 
waslied with boiling water, dried and ignited. 

When ferric oiide is present, too intense ignition is b 
be avoided, because this will render the iron more iiisolu> 
b!e iind eonaequentjy more difficult to separate from the" 
alumina. 



NATROLITE. 127 

When the quantity of calcium oxide is to any extent con- 
siderable, the precipitate of the aluminum is not perfectly 
pure. The liquid precipitated by the ammonium hydrate 
should then be acidified with acetic acid, neutralizing the 
excess of the latter, however, with ammonium. The 
solution should continue to give a slight alkaline reaction. 
Or, the supernatant liquid is poured from off the precipi- 
tate through a filter, the precipitate dissolved in hydro- 
chloric acid, the solution strongly diluted with water, and 
the precipitation repeated. 

The weighed aluminum oxide contains all the ferric 
oxide and generally also the small quantity of silicic acid 
that may have passed into solution. Digest the precipi- 
tate with fuming hydrochloric acid, removing the excess 
of acid by evaporation, and after filtering off the silicic 
acid, determine the iron volumetrically (according to pp. 
75 and 80) in the filtrate. 

The calcium oxide in the filtrate from tlie aluminum pre- 
cipitate is thrown down as calcium oxalate upon the addi- 
tion of ammonium oxalate, and by ignition converted into 
calcium oxide (p. 14). According to the quantity of 
calcium present there can very readily some alkali pass 
over into the precipitate. That the calcium oxalate may 
be entirely pure, it is necessary to re-dissolve the precipi- 
tate, after filtering, in hydrochloric acid and repeat the 
precipitation. 

The filtrate contains, besides the ammonia salts, also 
the sodium in form of chloride. Evaporate the same to 
dryness in a platinum or porcelain dish, expel the ammo- 
nia salts by gentle ignition, and estimate the sodium 
chloride, after transferring the residue to a platinum cru- 
cible and igniting gently, covering the crucible during the 
ignition with a lid (p. 26). 

The quantity of water in mesotype is obtained by ignit- 
ing the mineral, previously dried at 100° C, in a pla- 
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tinum crucible, until constant weight is obtained. It is 
always well to use coarse powder or small pieces of the 
mineral for this purpose, because the fine powder can be 
readily carried away by the air-current from the lamp. 



Prehnite. 

Composition. — Hydrous silicate of calcium and alumi- 
num oxides, generally combined with varying quantities 
of ferric and manganous oxides and the alkalies. 

The analysis can be performed precisely as that of 
natrolite, only here a second precipitation of the aluminum 
and calcium oxides is absolutely required. 

As prehnite generally contains but mere traces of man- 
ganese (0.3 per cent.), this may be precipitated as sulphide 
by the addition of a few drops of ammonium sulphide to 
the filtrate from the calcium oxalate. 

The filtrate from the manganese sulphide is acidified 
with hydrochloric acid, heated until the liquid no longer 
yields the odor of hydrogen sulphide, and then filtered 
from any sulphur that may have separated. In the fil- 
trate the alkalies are determined in the usual manner. 

In estimating the water present it is well to observe 
that many varieties of prehnite contain organic substances, 
which of course blacken upon the application of heat, but 
gradually burn white. This being the case, the water 
should be determined directly by weighing (p. 36). 

If it is desired to directly determine the organic matter 
present, this may be done according to a method to be 
subsequently described, i, e,, by heating a weighed portion 
of the mineral together with cupric oxide in a stream of 
oxygen gas, and weighing the carbon dioxide that is 
formed. 
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Datolite. 



Composition,^r^y^^ou8 silicate of calcium, with calcium 
borate ; sometimes aluminum and magnesium. 

The finely powdered and dried mineral is subjected to 
the same mode of treatment as given in the analysis of 
natrolite. In the filtrate from the silicic acid precipitate 
the aluminum with ammonium hydrate free from carbon 
dioxide. The precipitate of aluminum oxide always con- 
tains boracic acid, which may be removed by pouring 
hydrofluoric acid over the dried precipitate placed in a 
platinum crucible, or mixing it with ammonium fluoride, 
adding a few drops of concentrated sulphuric acid, and 
applying heat whereby the boracic acid will be completely 
volatilized as boron fluoride. The sulphuric acid may be 
expelled by continuing the heating for some time, adding 
ammonium carbonate now and then. 

In the filtrate from the aluminum oxide precipitate the 
calcium as oxalate, and in the filtrate from the latter throw 
down the magnesium as ammonium-magnesium phosphate 
(p. 16). 

The boracic acid is generally estimated by loss. To 
determine it directly, mix a weighed portion of the silicate 
with four times its quantity of potassium carbonate, fuse, 
and boil the fused mass with water, washing the filtered 
residue with the same, and precipitate the silicic acid, 
aluminum and calcium with ammonium carbonate, remov- 
ing, however, the final traces of silicic acid by ammonium- 
zinc oxide. (See p. 116.) 

The liquid thus finally obtained perfectly free from 
silicic acid, alumina, and calcium oxide, is supersaturated 
with hydrofluoric acid, and evaporated to dryness. By 
treating the residue with a 20 per cent, solution of potas- 
sium acetate, the boron will remain behind as potassium 
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borofluoride, which may be estimated as such. (See 
p. 121.) 

Determine the water as directed in the analysis of Na- 
trolite. 

Olivine. 

Composition, — Silicate of ferric and magnesium oxides. 

Digest the dried mineral with hydrochloric acid, and 
separate the silicic acid as heretofore. The residue should, 
however, only be heated upon the water-bath to dusty 
dryness, because if heated strongly some of the ferric oxide 
will remain undissolved upon subsequent treatment with 
hydrochloric acid. The filtrate is heated with nitric acid 
or pulverized potassium chlorate added to convert ferrous 
oxide into ferric oxide, and the latter then precipitated 
from a boiling solution by the addition of ammonium hy- 
drate (p. 24). 

The magnesium is precipitated in the filtrate from the 
ferric oxide by sodium -ammonium phosphate (p. 16). 
When the olivine contains aluminum, the weighed precipi- 
tate of ferric oxide represents the combined weight of it 
and aluminum ; therefore determine the iron volumetrically 
in a separate portion (p. 75 or p. 80). 

Many olivines contain minute traces of copper, tin, 
manganese, and nickel. When this is the case, the first 
two metals may be removed by precipitating them with 
hydrogen sulphide in the filtrate from the silicic acid. 
When the quantity of the sulphides thus obtained is in 
any measure considerable, it would be advisable to digest 
them with a solution of sodium sulphide. The tin in the 
filtered liquid is then determined according to page 55, 
and the undissolved copper sulphide weighed as such. 

When manganese and nickel are present precipitate 
them in the filtrate from the ferric oxide by adding a few 
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drops of aminonium sulphide, and determine the magne- 
sium in the filtrate. 

By pouring a mixture of hydrochloric acid and hydro- 
gen sulphide (p. 104) over the precipitate upon the filter 
produced hy ammonium sulphide, the manganese will 
enter into solution, and may he re precipitated as such and 
determined. By igniting the residual nickel sulphide with 
air contact, the oxide is formed and as such weighed. 

Lievrite. 
Ilvaitb. 

Composition* — Silicate of ferrous atid ferric oxides ; with 
generally small quantities of aluminum and nuinganous 
oxides. 

The decomposition of the mineral is effected hy hydro- 
cldoric acid, and the silicic acid separatt^l hy evaporating 
the liquid to dryness. (See Olivine, j). 1»*5().) 

Boil the filtrata from the silicic acid with nitric acid or 
potassium chlorate to oxidize the ferrous oxide to the cor- 
responding higher compound, and precipitate the latter 
from its solution after the addition of sodium carhonate 
by the addition of sodium acetate (p. 73). 

The precipitate contains not only the ferric oxides hut 
all the aluminum, and usually small (piantities of silicic a(*id, 
which may be extracted hy dig(!sting the pre<;ipitate, after 
gentle ignition and weighing, with fumitig hydrochloric 
ftcid, the excess of which is (waporatcul and the silica fil- 
tered off after diluting the solution with water. The alu- 
minum is found hy ditference, if the found silicic acid and 
the iron calculated as ferric oxi(h^ an^ deducted from the 
original weight of the precipitai(\ 

When ferric oxide is rendere<l insoluble by ignition in 
hydrochloric acid, it may be brought into solution by fusion 
with potassium hydrosulpliate. (See p. 82.) 
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The liquid from the ferric oxide is mixed with ammo- 
nium oxalate (p. 13) for the precipitaticxD of the calciom 
and the manganese thrown down in the filtrate as solphide 
(p. 21) after previous neutralization with ammoniom. 

When determining the ferric in the presence of ferrous 
oxide firoceed as heretofore directed (Magnetic Iron, p. 
8()). Dissolve the mineral in hydrochloric acid, conduct- 
ing a str(;am of carbon dioxide into the solution during 
the operation, and bring the solution without filtering to a 
df^finite volume. Determine in the one-half the ferroas 
oxide ^ith potassium bichromate (p. 79), and in the 
oth<u' the ferric oxide with stannous chloride (p. 80). 

AVheii concentrated sulphuric acid (see Chromic Iron, 
p. 8H) liJVM been used instead of hydrochloric acid for 
the decomposition of the mineral after diluting with water, 
the; ferrous oxide may be determined in the one-half by 
means of potassium permanganate (p. 75). 



Ultramarine. 

Composition, — Aluminum, sodium, silicic acid, and sul- 
phur, und generally slight traces of ferric oxide, calcium 
oxide, potassium, sulphuric acid and chlorine. 

The pulverized substance is first dried and then digested 
with hydrochloric acid, when hydrogen sulphide gas is 
fliseiigaged, and silicic acid, together with sulphur, sepa- 
niles out. Wh(;n the d(^compo8ition is complete, the 
Hilicic acid is separated as usual, and the precipitate, con- 
sisting of silicic acid and sulphur, is ignited, which will 
vohitilize the latter. 

In the filtrate from the silicic acid the sulphuric acid is 
thrown down by the addition of barium chloride (p. 15), 
and any excess of the latter in the filtrate of the barium 
sulphate removed with sulphuric acid. 
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The uliiminiiin in the filtrate from tlie Imrium Htilpluito 
18 (loterniitied by double precipitation with ammonium 
hydrate, and the nilicic aeid that may be prene.nt in the 
filtrate is separated according to page 127. Since in the 
presence of sul[)huric acid the latter invariably passes 
over into the aluminum precipitate, the latter should l>e 
strongly ignited (p. 37), which will render insoluble in 
hydrochloric acid any ferric oxide present ; therefore, in 
order to estimate the iron volumi^trically, fuse the pre- 
cipitate with potassium hydrostdphat(^, and filter off the 
silicic acid after dissolving the fused mass in water, or 
determine the iron in a second [)ortion of the substance. 

Mix the filtrate from the aluminum hydrate with am- 
monium oxalate, determining the calcium as oxalate, and 
convf^rting the latter into carbotuite or oxide (p. 14). 

The filtrate from the calcium pn^cipitate is eva|)orated 
to dryness to determine the alkalies, and the I'esidue 
ignited to expel ammoniacal salts. Tiie sulphates thus 
obtained are then weighed ([>. 37). 

When potassium and sodium are prc'sent, their weighed 
sulphates are previous to their se[)aration converted into 
chlorides (p. 47). 

Sulphur Determination, — The conversion of the sid- 
phur into sulphuric acid may be accom[)lished by follow- 
ing the method given at page 1 1 1, or by adding potassium 
chlorate to the finely divided mineral and pouring ovit it 
nitric acid (about 50 (>. C.) of specific gravity 1.30. Tiie 
vessel, covered with a watch-glass or funnel, is warmed 
upon a water- or sand-bath, potassiiun chlorat(; being ad<Ied 
from time to time. When the oxidation is complet(>, and 
the liquid has become cool, add to it hydrochloric acid 
and evaporate to dryness, dissolving the n^sidue in water 
and [irecipitating the sulphuric acid with buriuni chloride 
(p. 15) in the filtrate from the silicic acid. 
12 
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Should the liquid to be precipitated contain undecom- 
pos(*d potassium chlorate or nitrate, the obtained barium 
Hulpluite will be rendered impure by barium chlorate or 
nitrate. The former of these impurities may be easily 
removed by digesting the ignited barium sulphate with 
dilute hydrochloric acid. The barium nitrate, however, 
is only imperfectly removed by it. 

AVhen employing this method, care should be exercised 
that the nitrates be completely decomposed previous to 
the j)rocipitation with barium chloride. This may very 
rcjidily be obtained by repeatedly evaporating the nitrate 
solution to dryness upon a water-bath, with frequent addi- 
tion of strong hydrochloric acid. 

It is. of course, understood that, in the calculation of 
the iinalysis, the amount of sulphuric acid existing as such 
must l)(^ deducted from that foimed by the oxidation of 
tJK^ sulphur compound. 

To estimate tlie amount of sulphur escaping as hydrogen 
sulphide, when ultramarine is tri'ated with an acid, the 
evolved gas is converted into suljdiuric acid. 

For the execution of this operation, the following appa- 
ratus* is emi)loyed. (See Fig. 12.) 

Th(^ flask K, of about r)0() C. G. caj acity, is connected 
on the one side with a carbon dioxide generator, upon the 
other with the absorption tube a, filled with pieces of 
ghiss. The latter, which may be replaced by a burette, 
j)rovide<l with a si<le supply-tube, is about GO Cm. lon|I 
and 2 Cm. wide. The sepanitory funnel b is filled with » 
solution of hronnne in hydrochloric ju*id, and d with hy* 
drochloric acid. The bromine vapors that are evolved i" 
the decomi)osition are absorbed by hydrochloric acid 
placed in an adjoining jar, into which the glass tube in <*» 
bent at right angles (only indicated), dips. 

* Also been used iu determining the sulphur in illuminating 
•jTus, cjist irou, etc. 
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1 thp ftppnrntiiB liitA bepn iirranp!cl, tlic woigticii 

ultranmrine \a kroiigtit mU> A', and tlioii enough 

r adilbil U> jutit cuvcr tlic i-iiU nf lliu tultu cuiulucting 

|llie cHrbon dioxide. Allow l.hi! broniiiiu solution to 

I from ft into n. drop Ijy drop, until tlio lowi^r con- 

I [uirt of tlii^ lubo it) tilled, llitin grailuully open the 

ffk i>r llie t'linnul d. 




When the libemtion of gas \s no longer perceptible, on 
■ddition uf liydniidiloric acid, thf^ cont«tnta of ihn flusk 
beatcd slowly to boiling, wUili;, at tlie Bnme moment, 
gfau pinch-cock t is opened, and a continuous stream 
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of carbon dioxide allowed to pass throagh the apparatus, 
UDtil all the hydrogen sulphide has been expelled. The 
bromine oxidises the latter perfectly to solphuric acid. 
As this occurs, the bromine solution in the abscnptioD 
tube a will be decolorized, and allowed to pass into a 
beaker placed beneath, and at the same time immediately 
replaced by opening the glass stopcock of the funnel h. 
In order that all the hydrogen sulphide may be oxidized 
to sulphuric acid, care must be taken that the upper 
half of the glass pieces in a is kept moistened with 
undecomposed bromine during the entire process. This 
we can readily accomplish, by permitting the bromine 
solution to drop in continually, while, at the same time, 
the liquid collected in the lower portion of the tube is 
allowed to flow out. 

In no instance should so much liquid be allowed to col- 
lect in a, that by accidental sucking back it could reach 
K. It is also to be avoided, because otherwise the carbon 
dioxide would not be in condition to overcome the pressure 
of the liquid contained in a. 

After the completion of the decomposition, rinse out 
the tube with water, removing the bromine and hydro- 
chloric acid by evaporation, and determine the sulphuric 
acid, as usual, with barium chloride. 

The clilorine in ultramarine is determined with silver 
nitrate in another portion of the substance. 



Puddle Slag. 

Composition Ferrous and ferric oxides, metallic iron 

numganous oxide, cupric oxide, alumina, calcium oxide, 
nui^ncsia, silicic acid, sul[)huric, phosphoric, and titanic 
acids. 
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Decorai)08e the slag, finely jiowdered and dried at 100° 
C, with hydrochloric acid, separating the silicic acid as 
directed in the Natrolite analysis (p. 126). Titanic acid 
when present will be discovered with the silicic acid. 
(See p. 125.) 

The method of analysis follows from the observations 
made in the analyses of iron ores; therefbni, 1 refer to 
these. 

When sodium acetate is used in the separation of iron 
from manganese, the latter, instead of being precipitated 
by ammonium sulphide, may be thrown down as the hy- 
drate of the superoxide, by the addition of strong chlorine 
water to the filtrate, and this when ignited with access of 
air passes into the protosesquioxide, which is weighed as 
such* (p. 21). 

To this end concentrate the filtrate from the iron pre- 
cipitate, and add chlorine water to the boiling licjuid until 
it smells decidedly of the reagent added. The oxidation 
may be considered complete when tlie li(|uid above the 
separated brown-black manganese ap[)ciir8 red, owing to 
the production of permanganic acid. A few drops of alco- 
hol may now be added, and tlie boiling renewed and con- 
tinued until the liquid becomes colorless. 

Bromine may replace clilorine water. Add a few drops 
of it to the solution hwited to about .00° C. Heat should 
be applied until the excess of bromine has been ex|)ell('(l, 
«. c, until the liquid becomes colorless, when the man- 
ganese binoxide is filtered, washed with water containing 
hydrochloric acid (1 vol. hydrochloric acid and 99 vols, 
water), then with perfectly pure water. 



* The oxidation of the iiiangancHC by bromine or chlorine 
will not be perfect in the presence of uinnioniju;al salts, and for 
this reason the iron is not separated according to the method 
described on page 72. 

12* 
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In tlie filtmte trum the miitigancee determine the c 
cium oxide and tnagresia as ordinarily done. 

A separate portion of the suhatunee is taken for tkt 
estimation of the ferrous when ferric oxide ia present* 
The decomposition is best eflected by healing with sul-, 
pliurie acid in a sealed tube (p. 91). In using liydrt^ 
chloric acid to dissolve the slag, if the ferrous oxide ii 
be determined with a permungnnnte solution, regard 
should be had Id what wiis said on page 7H, In this case' 
it is deuidedly more practical to determine the ferronv 
oxide with potassium chromate (p. 79). 

In determining the metallio iron about 5 grms. of Ibfl 
s]i^ are placed in a platinum dish, and to this is added a 
aotulion of cop[>er iiulpbate, which causes a quantity o 
metallic copper (CuSO,-(-Fc^FeS0,+Cu) correspondin| 
to the ii'on to be precipitated. , 

After protracted standing and fre^juent agitation, titft 
copper, together with undecomposed slag, is filtered off, 
washed perfectly with water, and the residue digested 
with nilric acid, which dissolves the copper. The acid is 
evaporated, and the copper precipitated I'rom the aqueous 
solution, acidified with hydrochloric acid, as cop{>er sitl-i 

When the slug contains copper per »e, the correspODd* 
ing amount ol copper sulphide is to be deducted. 

It is of course understood that in the presence of metals 
lie iron, which, upon treatment with hydrochloric acid, 
passi'S into solution as ferrous chloride, the amount oT th^ 
latter will be considered when calculating tlie direcllj* 
determined ferrous oxide. 

The estimation of the phosphoric and suiphuric acidi 
results most favorably when sejiurate portions of the slag! 
are fused with sodium carbonate, or sodium carhonate ai 
silica. (See p. 83.) 
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Slags frcni the Smelting of Copper and Lead 
Ores. 

Composition — Ferrovs oxide, aliitnina, inanganous 
'Oxide, cupn'c oxidf , lead, barium, calcium nnd mngneaium 
-oxides, aJkalieB, Eilicic add, sulphuric acid and Hulphur.* 
Iverizc and dry the elag at 100° C, decomposing it 
with nitric acid, and eeparating tlie silicic acid as directed 
on page 123. Wtienbariumnxide is present bnriumaulpliate 
will be mixed witb it. To ascertain tbe aiaoiint of tlie 
latter, heat the weighed precipitate witb liydrafluoric acid, 
X it with ammonium fluoride (p. 125), and determine 
Ihe residual weight. t Tlie Bilicic acid is represented by 
the difference. 

When a considerable quantity of lead is present a por- 
tion of this may separate out with the silicic acid as crys- 
talline lead chloride. This is very slowly dissolved when 
Washed witb water. This being the case, tbe residual 
AJIicic acid is wiished with boiling water, and then trans- 
ferred to tbe filter. 

To determine the lead Ihe filtrate i$ evajiorated with 
Bulphuric acid to expo! tbe hydrochloric acid, and the lead 
reighed as sulphate (p. 49). When a eonsideniblc quan- 
tity of iron is present, some of the ferric oxide may very 
readily be involved with tlie lead prceipitale, and it is 
therefore advantageous to continue the evaporation only 
intil the greater portion of the hydrochloric acid has been 
riven away, than mix the liquid with ammonium hydrate 



* Besides these c:ongtituents these slnga miij' contitin ursenic, 
i&nony, bismuth, zinc, cobalt, nitkcl, etc. For the deter- 
jnation of these substances refer to the nnulyses of Rejiiitii 
end and Barn Copper, 

f Kxaniine the residue iiiuilitiitivclr. 
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until tli<! iirecipitnl« produced rtmuiiie, then rediswlvt 
Bul|)huric acid. To ihf liquid mid one-third voliimt: alco- | 
liol for tbe complete seiiaration of the lead sulpbate. 

Expel the alcohol from the ieml filtrate and prectpilala | 
and weigh the yop|ier as sulphide (p. 48), When, how- I 
ever, areenic and antimony are present, tlie precipitated I 
Bulphiilea should be digested witli sodium sulphide, which I 
will dissolve the arsenic and antimony sulphides Qi. 87). 

After sei)arating the copjier, expelling the hydrogen I 
sulphide from the Ultrate, and oxidizing the iron by the f 
addition of nitriu acid or potassium chlorah;, the further I 
analysis is executed according to the methods described | 
on page 71, with the only difference that here the so 
quantity of manganese is best precipitated by chlorine. I 
(See p. 137.) 

The alkalies in tbe slag are determined in a separata 1 
portion. The filtrate from tbe silicic acid is treated first f 
with hydrogen sulphide, then with ammonium sulphide I 
and ammonium, oxalate, and tbe filtrate heated with hydro- 
chloric acid to destroy the ammonium sulphide, and after 
tbe expulsion of the hydrogen sulphide the liquid ia 
evaporated to dryness with addition of oxalic acid or am- 
monium oxalate. The residue is gently ignited and ex- 
tracted with water (p. 45). In the filtrate from thtt ] 
magnesia the alkalies are determined as sulphates. For I 
the se[iaration of potassium sulphate from sodium sulphate, 
see page 47. 

If hydrogen sulphide is liberated when the elag is ' 
treated with a dilute acid, the sulphur is detenniDsd ac- 
cording to tbe method given on {lage 134. 

The sulphuric iicid is determined in a scjiarate portion. 
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Clay. 



As regards the mechanical analysis of clay, see Frese- 
nius's article, "Investigation of the most important Nas- 
sau Clays," Joum, /. prakt. Chemie, Ivii. 65. The 
elutriation apparatus of Fr. Schulze is also described in 
the Joum, f. prakt, Chemie, xlvii. 241. 

Composition, — Hydrous silicate of aluminum, with vari- 
able amounts of ferric oxide (also ferrous oxide), calcium 
oxide, magnesia (often present as carbonate), alkalies, 
organic matter, and arenaceous quartz. 

Clays are not perfectly decomposed by hydrochloric acid, 
but are in the rule when heated with sulphuric acid.* For 
this purpose the pulverized specimen dried at 100° C. is 
placed in a platinum dish, with an excess of sulphuric acid 
liydrate (equal volumes concentrated sulj)huric acid and 
ivater), the whole heated to boiling, and the ebullition 
continued until all the sulphuric acid lias been expelled. 
After cooling, this operation is repeated, and the residue, 
ivith addition of hydrochloric acid and the application of 
lieat, finally dissolved in water. 

The decomposition of clays with sulphuric acid suc- 
ceeds very well when they, finely divided, are stirred up with 
sufficient concentrated sulphuric acid to form a paste, and 
then heated in a porcelain air-bath to 300° C. (Fig. 13.) 

* If the heating with sulphuric acid is prosecuted in sealed 
glass tubes (see p. 91), the abiminum silicates are fully decom- 
]>osed. If this process is not desirable, and if the clay is not 
perfectly decomposed by boiling with sulphuric acid hydrate, 
tViis may be effected by fusion with sodium carbonate. (See 
page 143.) The alkalies may be determined in a second por- 
tion by decomposing with hydrofluoric acid or ammonium fluo- 
ride (p. 144). 
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The decomposition is generally complete at the expira.-^ 
tion of three or four hours. The residue should not yielc::^ 
a gritty sound when rubbed with a glass rod; this will^ 

however, always occur to some extent when sand is pre 

sent. When it is very gritty the residue is moistened - 
again with sulphuric acid, and digested until it is fully 
expelled. 



Fig. 13. 




The silicic acid, insoluble in hydrochloric acid, after 
washing with water, is ignited and weighed. By subse- 
quent boiling with a solution of sodium carbonate the 
quantity of arenaceous sand mixed with the silicic acid is 
obtained. The residual quartz should be examined for 
undecomposed silicates, viz., feldspar, etc. 

The aluminum and calcium oxides are separated from 
each other as given in the analysis of Natrolite on page 12G, 
and the magnesia and alkalies as directed on page 45. 

Wlien a ferruginous clay is being examined, the ferrous 
or ferric oxide had better be determined volumetric^illy 
in a second portion of the subsUmce (p. 91), and the 
corresponding amount of ferric oxide subtracted from the 
weight of the alumina. 

The carbon dioxide from the carbonates that may be 
present is estimated according to page 33. 
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Providiul ihat the clay conlAina n<;ilher organic mate- 
riiil nor ferrtius oxide, the water may be det«nniiio<l by 
igniting a wuigh^d portion lit' HubBtanire in a platinum 
crucible, or it may be directly esVitnated (p. 3*1) when 
the lose by ignition will approKinialely reprexent the 
quantity of water and organic aiibiitance. 

The presence of carbonates renders this mode of eslima- 
tioii TalueleBE, because of the simultaneous liberation of 
carbon dioxide. 

Determination of the Silicic Acid in SHicateg not de- 
eompottd hy Adds — Wben a silicate ie mixed either 
with sodium or potaKsium carbonate and fnsed, there is 
produced, by the addition of an alkali, a silicate decom- 
jjosable with acids. The object of the fusion of the sili- 
cate wiih an alkaline carbonate w, therefore, merely to 
withdraw from the former a portion of itK Bilicic acid, 
converting it then into an antdogous compound which 
acids will decompose. '' 

In prosecuting the decomposition of a silicate in this 
jnanner, the subntance, linely powdered and dried at 100° 
C, is thoroughly mixed, in a platinum crucible, with four 
to five times its weight of a mixture oi' sodiuntor potas- 
sium carlmnute {5 : 7), then brought 1o fusion, until 
carbon dioxide no longer escapes, and the mass in per- 
fectly liquefied. When a Buneen burner has been em- 
ployed in the fusion, the decomposition will n^uire at least 
half an fiour for its completion, whereas a blast-lamp will 
produce the same result in a much shorter (about ten 
minutes) period. If a platinum dish is at your imme- 
diate disposal, pour the liquid contents of tlie crucible into 
it, or place it upon a cold iron plate, when, after cooling, 
the contents may be easily loosened by pressing Mother 
the sides of the crucible. The fused mass and enicible 
are transferred to a beaker glass, and 20-30 times its 
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qunntit^ of water poured npon it, and heat appliod. 
After disintegrating the mass tlioru uglily, add dUota, 
hj^roctiloric acid, and assure yourself tliat complete soli 
tion 19 effected before evaporating the hydrociilorir. acid 
solution to dryness. The silieie acid is rendered insoluble* 
by evaporating the solution either in a porcelain or pla- 
tinum dieh, and heating the residue in an 
bath to 120° C, until it becomes dusty-tlry in its appear-^ 
ance. As ntgarda the rest, proceed as directed on pags 
124. To assure yourself that all the 
passed into solutioD, it is advisable to 
silicic acid several times with warn 
before bringing it upon the filter. 

The silicic acid, perfectly purified by washing with Iiot 
water, is dried, ignited, and weighed (p. V24). 

Determination of the Allcaliei in Silicates not decoW^ 
posed iy Hydrochloric Acid. — In the fusion of a dlicatfl 
witii an alkaline carbonate, the deterniiuatioa of the all(a> 
lies present in it is of course impossible, and some other 
means of decomposition must bo used. A mixture i 
hydrofluoric acid and sulphuric acid, or pure hydrofluc 
acid, or even ammonium fluoride, is resorted I 
c«.e.t 

When a silicate is heated with hydroHuoric acid or 
ammonium fluoride, a volatile fluoride of sUicium is dtseQ' 
gaged, while the fluorides of the oxides present compose 
the residue, and are dissolved as chlorides when healed 



■ Under certain i; 
entin^ly dissolved in the employed acid, purticulurly where tc 
great au excess of alkaline carbonate has been used, or when 
minute quantity of silicic acid is present. 

f By previous ignition of the silicate, its subeeijuent decora.' 
position by Iiy droll uoric au-lcl ur luiiiDuiiiuiii Huiiridu is renderell 



"vviili hydro.:! 
fluoric acid. 



iliziili.ui „f tlie hydro 






Decomposition b^ memtg of Hydrofiuori 
he finely pulverized and dried silicate into a plutiaum 
dish, pouring over it uonuentrated hydrofluoric acid, or 
1 mixture of eulphuric acid (eijual parts of con- 
^ntrated sulphuric acid and water), and concentrated 
jiydrofiuoric acid (1 part of sulphuric acid with two to 
hree parts of hydrofluoric) iind then apply heat to incipi- 
int ebullition. When the decom[>usition is complete,* 
ivaponit« the solution to dryness, expelling the sulphuric 
vc\A flnidly by heat ; the latter, however, should not be 
o intense, because certain of tlie oxides (Al,0, and 
BjOjJ would otherwise be rendered very difficultly solu- 
e. AiVer cooling, heat the residue with concentrated 
lydrochloric acid, continuing the operation some time, 
with tlie frequent addition of water ; and, ahouM there 
jMill be some undissolved material, it may result irom 
bndecoinposed substance ; and when barium is pivsent, it 
Y be due to the barium sulphate. The i-esidue should 
^ examined qualitatively, and the above treatment finally 



of Ammonium Fluoride.— 
fluoride in the decompo- 
ame preference to hydrofluoric iicid, 
■e easily obtained ; and certain sili- 
dy very slowly attacked by hydro- 
tasily decomposed by ignition with 



Decomposition by 
The employment of 
isidon of silicates has : 
because it is much mc 
, also, that are c 
fluoric acid, are very 
ammonium fluoride. 



Most Hilieutea are very rapidly ducompoacd by this nifanSf 
llie decomposition being c-omplute in about 9 t« 10 iniuutes. 
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CLAY. 



In analysis, tlie pulverized and dried silicate is mikel 
in a platinum crucible, willi seven lo eight times its qiian-^ 
tily of ammonium fluoride, water nddert, and heat applie 
upon a wuter-hatli until the mass becomes completely dryt 
when the ignition is continued over an ordinary Bunsen 
burner, until vapors no longur escape. The fluoridea nl 
the metals are decomposed Ijy the addition of concentrate^ 
Biilphuric acid, the excess of acid being eva]iorated, and 
the solution of the residue eflected by means of hytlro 
(thloric acid. 

All the oxides, which may be present, are in the hydro- 
chloric acid solution. The manner of separating tlie alka- 
lies is given elsewhere. 



[^Decomposition by menns of Calcium Carbonate antt 
Ammonium Chloride — Mix 1 part of the pulverized sub- 
stance with 8 piirts of precipitated calcium carbonate and' 
1 jiart of pulverized aiumonium chloride, place in a pla- 
tinum crucible, and hent to full reilness, but not too in- 
tensely, for 30 U} 40 minutes. The crucible, will 
contents (which sliould ha in a coherent, sintered but nut' 
thoroughly fused condition), is placed in a beaker, coverud 
with water, and liciilcd to uear the boiling point for half 
au hour. The whole is then brought upon a filter. ThQ 
nitrate, containing the alkalies, calcium ehloride and caustic 
lime, is treated with alittle ammonium and with ammonium 
carbonate, in slight excess, and heated to boiling, filtered 
and the filtrate evaporated lo dryness aud gently ignitedi 
lo expel the ammouiacal salts. The residue is dissolved 
in a little water, and a drop of ammonium oxalate adde^ 
the mixture is heated, filtered, the filtrate evaporated to 
dryness, ignited, and the residual alkaline chlorides Bepa* 
rated according to previous directions — Di: J. L. SmMJ^ 



Felspar. 



Composition l'oUi»<f>iiiiii-si'illiim-!iIiiminum silicate, 

with ferric oxide, calcium oxide anil magnesia. 

Fur the determination ol' Ihe silicic acid, alumina, ferric 
oxide, calcium oxide, and magntjsia, fuse tbe pulverized 
minenil. dried at 100° C, with fourto five times itsweight 
of |iotasfiium-sodium carbonate, following the iiislructionB 
given on [>age 1 4S for the separation of the silicic acid. 

The aluminum oxide in the filtrate from the above ie 
separated from tlie calcium oxide, and magnesia fay double 
precipitation with ammonium hydrate, free from carbon 
dioxide. (See Natrolite, p. 12fi.) When iron is present, 
this can be estimated vol ii metrically after the ignited pre- 
cipitate lias been dissolved in hydrochloric acid, or aft^r 
the liision with jtotassium hydrosulphate. WhL-n the iron 
is ptTsent in tolerably large rjuautity, it is best dcterniiiu^d 
in a separale portion of the substanco. The silicic acid 
that rf.mainit after dissolving the ignited alumina precipi- 
tate in liydrocldiiric acid must be deducted from the same 
and added to the already known amount of that acid. 

In the filtrate from the aluminum the calcium oxide 
and magnesia are thrown down by ammonium oxalate 
and phosphorus salt (p. 32). 

Alkali Determination — In Ihe decomposition of the 
mineral with hydrofluoric acid or ammonium fluoride, pro- 
ceed as previously directed. After having obtained the 
hydrochloric acid solution, precipitate the aluminum with 
ammonium hydrate, and in the filtrate throw down the 
calcium with ammonium oxalale, removing the sulphuric 
ac.id with barium chloride, and separate the magnesia ac- 
cording to the method describt'd on page 45. 



Tlie estimation of potaeeium in presence of sodinm if 
accomplished with platinic chloride (p. 49), 

[Tlie method of Dr. J. Lawrence Smith is best adapted 
for the deuomposition iit' the Felspur where the; alktilie 
are to be estiinitted.] 

G-lass. 



ftnnlysis of porcBlain or kniilin pan be eseculed ii 
irmanntT. (See also the unalysia of Clay, p. lil-J- 



Compoiiiion.— Potassium, sodium, aluminum, calcium, 
magnesium, silicic acid, sulphuric acid, phosphoric acid. 

In colored glasses regard must be hiid to the coloring 
metallic oxides that arc present. If the glass contains 
merely potassium, sodium, aluminum, ferric oxide, cal- 
cium, magnesium, und silicic acid, the analysis is exactly 
analogous to that of Felspar. 

When reducible oxides are present, viz., lead and 
oxides, sodium nitrate should be added to the mixture of 
carbonates used to effect the decomposition. 

Should the glass under examination contain lead sili- 
cate, the silicic acid must he repGate(U7 boiled with water 
to dissolve the chloride of this metal, wliich may after- 
wards be precipitated as sulphide and determined (p. 
29). 

The filtrate from the lead sulphide, after the expulsion. 
of the hydrogen sulphide and oxidation with nitrio acidj 
is employed in the determinaliou of the remaining oxides. 

It ia necessary when tin is present to digest the weighed 
silicic acid with ammonium sulphide and separate and de- 
termine the tin sulphide in the filtrate as directed on psgs 
55. The filtrate from the silicic acid should also be ex- 
amined for tin by precipitating it with hydrogen sulphide, 
a.[id when lead is present the precipitate produced by fay- 



PISTACITK. 1 1ft 

dmirpii sulphide is digested witb aDimoniiiin siiljilude^— 
deU^rmining ilie insoluble lead sulpliidt^ Ag mic^li aii<I su- 
ps rsnturating Uic filtrolc with dilute sulpliurii; or liydro- 
chloric acid (p. 5if). 

Instead of precipitating the aluminum wilh ammonium 
hydrate when manganese is present, nenlralixe the sola- 
lion with sodium carbonate and precipitate it witb sodium 
acelitle, preparing thus for the subsequeni jirecipiiation of 
the manganese by bromine or chlorine (p. 137). 

When cobult is present with manganese, it will also be 
precipitated as sesquioxide by chlorine or bromine. 

This being the condition of affairs, it would be blotter 
to throw down both metals, in the liltnite Jrom the alumi- 
num, as sulphides by mejins of ammonium sulphide, dis- 
solving them in hydrochloric acid, with the addition of 
nitric acid, and precipitate the cobalt as nitrite of aes(]ui- 
oxide of cobalt and potassium (p. 22). Throw down the 
tnaiigHnese in the filtrate as carbonate (p. 21). 

The aluminum is also thrown down by sodium acetiUe 
when zinc oxide is present, and the latter removed from 
the filtrate by the addition of hydrogen sul[>hide (p. 109). 
The sulphuric acid may be precipitated in the liltrate 
from the silicic acid by adding barium cliloride, and the 
excess of the latl«r removed with sulphuric acid. 

In the analysis of glass containing phociplioriu acid, 
aft«r the ^paralion of the silicic ucid Ihc former acid is 
precipitated with metallic tin, and the oxides determined 
as heretofore in the lillraie. 



1 



Composition — Silicate of alumuia, ferric > 
niuui oxide, together wilh ferrous oxide (m 
ide), magnesia, polasiiium, sodium and wate 



ISO PISTACITE. 

In determining the Hilicic acid and oxides, the olkaTira 
excepted, the finely pulverized and dried miDCral is fuReil 
with potas,''iuni and Bodiiim carbonates, and the silicic acid 
determined as direi;led on page 143. 

The fihrnte from the silicie acid is heated with nitrio 
acid and potassium chlorate to oxidize the Terroua oxide 
to the corresponding higher oxide, and this and the alu- 
minum then separated from Ihe mnngniiPBti and alkaline 
earths, after neutralization with sodium carhonate, by 
boiling with sodium acetate (p. 73). 

The manganese is then thrown down in the filtrates 
with bromine or chlorine (p. 1 37). The calcium oxidi 
and magnesia are determined in the filtrate in the usual 



Ferric and ferrous oxides may be estimated very well 
volu metrically (p. 75 and p. 80) in the solution of a sepa- 
rate portion of the substance, decomposed by heating it 
with sulphuric acid in a sealed tube (p. 91). 

The entire quantity of iron, calculated as ferric oxide, 
is deducted from the weiglied alumina-iron precipitate. 

Coolt, to prevent the oxidation of the ferrous oxide, 
conducts the decomposition of the mineral in an atmosphere 
of carbon dioxide and steam. For this is used a water- 
bath with a constant niveau (Fig. 14 aud 1.!)), at the upper 
end of which is attached the tube a, which is connected' 
with a Kipp carbon dioxide generator. 

That the glass funnel d may be supported, the edge Ol 
the cover of the water-bath is provided with a deep chan- 
nel. The cover ring bearing the platinum crucible con- 
tains a number of small ]terforations, through which, upoa 
boiling, the water almost filling the water-bath rushes,, 
causing the channel to be constantly filled with water, 
thus obstructing the entrance of air between the channel 
and the funnel edge. 
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First, ascertain by prtliminary examination the least 
^quantity of hyiirofluoric acid, to wliiek must be added 
lenlphuric acid of 1.5 sp. gr., in order that the mineml 
y be decomposed; then place (he puherized substance 
out 0.5 grm.) in n platiniiin crucible, pouring the mix- 
ture of sulphuric and hyilrofluoric acid upon it, and stirring 




mag the operation with a platinum spiitnla. Place the 
vessel upon the peribratiid ring of llie water-bath, 
inuel into position and till the channel with water, 
(at the same time dislodging the air in the funnel with a 
carbon dioxide. When the decomposition is 
(.finished, the heating upon the water bath is interruplcd, 
a dioxide conducted again into the funnel, ami at 
me time a continuous stream of cold water allowed 
> flow through the nater-bath, which will hasten the 
witng of the platinum crucible. 
t may happen at times that the contents of the crucible 
I aiDter tightly together, thus obstructing tlie further 
n of the acid. When this occurs, remove the lamp 
ir tlie water-hath, till the funnel with carbon dioxide. 



lis 
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anil slir the crucible ronients wilh a strong pliitinum wire 
]Mssed through tbe fiinni^l tube. After washing tbe par- 
ticles (hat may hare a<lli«reii to ibe wire back into thC' 
crucihif , (li^oDtiDue the nirbon dioxide stream, and n 
tbe application of heat from the water-bntlu 

Before determining tbe ferrous oxide with permanga-^ 
nate tmlulioQ, be certnin the hydrofluoric [icid used does not. 
contiMi! any sulistauces wliich have a denoroposing effect 
upon the permnngtmate. The acid should have prttviously 
been purified. 

The alkalies in (lisijvite are determined as iu Felspar 
(p. 147). 

Tile water is detenuiiied Jiraetlv moat accunileiy (p. 

at!). 



Blast- fHimace Slag, Cupola-furnace Slags, etc. 

Ciiiii/Msirion.- — Ferrous and ferric oxidea (sometime^ 
niebdliu iron), maugauoue oxide, alumina, coppei 
zinc, calcium oxide, magnesia (alkalies), silicia acti 
titanic acid, sulpliuric acid, phosphoric acid and sulphi 
(as calcium sulphide). 

The filug finely divided and dried, nhen not eoluble m 
hydrochloric acid, is decomposed by fusion with the car> 
lionales of [totnsidum and sodium, tbe silicic acid beinj 
removed oj in Natrolite. When titanic at^id is present an 
excess of hydrochloric acid is taken to dissolve the t 
due, and the silica is examined according lo page 125. 

Iu the filtrate from the silica, after the previous reduc- 
tion of the ferric oxide by means of sulphurous acid (p., 
t$7), precipitate tbe lead and copper as sulphides, if pre- 
sent, and dissolve tbe latter in nitric acid, and effect th< 
separation of the metals by the addition of sulphuric acid, 
{See Brass, p. 49.) If, however, but one of these two 
metals exists in tbe solution, the precipitate produced by- 
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tydrogi;!! siil]ilii(lp niiiv lie fleU'iiiiinciI liy ifrnition in it 
.treum of iijilrogoii. 

The liltrate, tree from hydrogen suljihide, is warmed 
with nitric acid or potassium clilorale to change tlie fer- 
s to ferric oxidK, and the latter preuipitaled, together 
with the aluminum, hy means of sodium acetate (p. 73). 
The precipitate should be examined for silicic as well as 
titanic acid (p. 82 and p. 125). 

After adding acetic acid to the filtrate, precipitate the 
sine with hydrogen BuIpLide. After the expulsion of the 
latter, the manganese may be separated with chlorine or 
liromine (p. 137). 

The calcium oxide and magnesia are determined in the 
filtrate in the usual manner. 

(rrons oxide in presence of ferric is estimated accord- 
;o one of the methods described in the analysis ol 
l»i8taeite (p. 149), or Magnetic Iron (p. 86). 

The metallic iron found in the slag is determined ac- 
icording to page 138. 

When the alkiilies are deteriuined, take a second per- 
son of the slag and decompose it with ammonium fluoride, 
precipitating the hydrochloric acid solution with hydrogen 
lulphide, and proceed in general as directed when analyz- 
ing Copper and Lead Slags (p. 139). 

When calcium sulphide occurs in the slag, the sulphur 
is estimated by the oxidation of the hydrogen sulphide 
with a hydrochloric acid solution of bromine (p. 134). 

The sulphuric and phosphoric acids arc estimated as in 
Hematite (p. 79). 



Compoiition Ferrous and ferric oxides, 

oxide, aluminium oxide, calcium oxi 



Blum, Mwlium, lithium, silicic acid, borscic scid, b; 
fluoric acid (ptiospTioric acid) and wuier. 

Determinalion of the Silieie Acid aad Boracic Acid. — . 
Fus6 the finely pulverized mineral, prcvioualy dried at 
100° C.,wiili lour times il£ weight of potassium carbonate. 
The fused residue is lieated with water, and, atWr Bltering 
off the insoluble portion, eubjeut it to a thorough washing 
with hot wat«r. Boracic acid, u [>ortion of tlie silicic acid 
and aluminum will be found in the filtrate. The latter ore 
prccipilal«d with ammonium carboualo and ammonium 
zinc oxide. (See p. 1 1 6.) The boracic ucid is removed e 
horo-pot^ttium fluoride by supersaturating the liquid, en- 
tirely free of silicic acid and aluminum, with hjdruHitoric 
acid. (See the Determination of Boracic Acid in Boro- 
natrocaIcit«, p. Vi\.) 

The insoluble residue remaining after fusion with poIa»> 
siuin carbonate, and the precipitate produced by ammo- 
nium carbonate and ammuu-zinc oxide, are both decom- 
posed by hydrochloric ucid, and the silicic acid taken out 
as in Natrolite (p. 126). 

The estimation of the oxides is most satisfactorily prose-, 
cuted by decomjiosing a separate portion of the mineral: 
with a mixture of hydroflnoric and eulpliuric acids. 
analysis is similar to that of Pistacite ([>. 149). Foi 
separation of potassium, sodium and lithium, the method 
described in the analysis of Fsilomelane is the most satis- 
factory (p. 103). 

When the turmalin contains phosphoric acid, this i 
generally found with the iron and aluminum precipitate. 
It is advisable to determine this in a separate portion 
(p. 83), or in the weighed precipitate (see analysis of Min- 
eral Water), and deduct it from the aluminum and in 

The fluorine is most commonly estimated by difference. 
A direct method for its estimation is given on page 115. The 



precipitate fiDally produced upon tlie additioo or calcium 
cbloride is, when bonicic acid is present, calcium fluoride, 
cftlcium carbonate and borate. Wbcn treated with acetic 
acid the lutter goes into solution with the calcium car- 
bonate. 

The water present may be ascertained according to page 
3fi. A porcelain tuhe may adxiintageousiy replace one of 
glas«. 

Zircon, 

Composition — Zirconium oxide, ferric oxide, calcinm 
oxide and silicic acid. 

The decomiwsition of the mineral, either by means of 
acids or fusion with alkaline cnrbonates, is attended with 
difficult)', and is only successful when potassium fluoride 
in hydrofluoric acid is employed for the purpose. The 
process is analogous to that followed in the analysis of 
Chromite (p, 88). After the fusion, hydrochloric acid is 
added to the mass, and the solution, which is then evapor* 
ated, is treated wiih ammonium hydrate, causing the pre- 
cipitation of the zirconium, which, al'ler being washed, is 
ignited and weighed as ZrO,. The same precautions 
should be observed here which have been previously en- 
n of aluminum (p. 37). When 
the latter will be precipitated 
'hia may be prevented if 
sufficient tartaric acid is previously added to the solution, 
flo that neither iron nor zirconium will he thrown down 
upon the addition of the ammonium hydrate. The ii'on 
can then be precipitated with ammouium sulphide and the 
iron sulphide as given on page 90, filtered and finally con- 
verted into ferric oxide. 

The filtrate is evaporated lo dryness in a platinum dish, 
and the residue ignited to destroy the tartaric acid. The 
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;*ombnftmn *ii :fae <*artioa. 

•^ 'arhofi .liar 'ie ^fOsilT Deneetif' •)3ddxzefL if. jizaihr. die 
•irierstfion >r rmfateti ^iih. rtoaiL inamines -jc :iiiuii0iiiiiiiL 
nitntftf^. If. -^Sirennne :he ^likaiies imrodnced b^ die ^ie- 
't)m(jni*icion ^^' :he nuneraL no 'Hher >3xides « •suebmu •Hc.) 
juiP' orp*»*?tit, >oii :fae rcsidne rraeatetilr widi wacer. ami 
'XefUTTOiner :he 7^i<vaai. zzrconinm oxide. Wben die *;aii- 
rntf7 'j^ 'he '!aiAe. die rr^idiie znBBt be heated widi aiiiiiii>> 
niiim rtitririfie. ;iuid :he [lydrDrhionc jeid soinnon pneeipU 
rAteii ^ricii ammoniani. bvdziite as above. The t'g»I*-TiTwi ^^ 
thf-n rpini>v»^i riDin the dltrate a» .^i<»Tm« ojcaiate. 

T«» «>hcain die -•ilieic aeid* tleeompoee a second portioii 
with the ;ukaline <!arn«>iiate$. add hrviroehifHie aeid to die 
fiu>ed ouiMi. ;uid 'io Ob •ilreeced on page 14^. 



^'ompoaition Sulphur and iron : traces ot'arsenio, and- 

mony. ;roliI, copper. nii!kei ( cobalt, imuigan«^se), ealcioni 
<kx'\(\f, majrnesium oxide ami quartz. 

In mr>«!t infatances in the analj9i:« ot' pyrites the deter- 
mination of th** .«ulphar L» all that is repaired. Its con- 
v^'r-iion into sulphuric acid is best etFected by fdming 
nitric acid (]>. Ill;, or potassium chlorate and nitric acid 

A vfry i^iii tabic oxidizing agent for pyrites is a solution 
r/f bromine in r^mccntrated hrdrochloric acid, which with 
fhc application f/f heat will, in a short time, convert the sul- 
phur into Aidphuric acid. The bromine solution is at first 
allowed to act in the cold, and, subsequently, warmed 
gently, not allowing the tcmjK*rature, however, to rise to 
flic hising point (A' the Hcparated sulphur, which, if once 
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ftised to a g;1<ibule, will demand a large cx|>eDditure of 
time to elinnge it to sulphuric iicid. When the uxiilation 
18 t^omplece, the aalution is evaporated to remove bromine, 
hydrochloric and silicic acid. The sulphuric iicid b deter- 
mined as barium sulphate in the liltr»te (p. lo). 

Very often it is preferred to oxidize the pyriteK by lusion 
with some substance yielding oxygen, and for tlit^ purpose 
ft mixture of soilium and potassium nitrates is most com- 
monly taken. The results obtained, when tliis method is 
foUowedt are not very accurate, because the burium sid- 
pliate produced is impurifled by the corresponding nitrate, 
'wliich salt is very ditficultly removed, eitlsur by nashiog 
with hot water or subsequent digestion with dilute hydro- 
chloric acid. Very satisfactory results are obuiined when 
potassium chlorate is substituted for the nilrate.* 

The finely divided substance is mixed in a platinum 
crucible with a mixture of six parts sodium carbonate and 
one part potassium chlorate, then fused over an ordinary 
Bunsen burner until gas bubbles no longer escajie. Treat 
the foetid mass with water, filter otT the residue, and wash 
It with water containing sodium carbonate, until the wash- 
ings auidulated with hydrochloric acid yield no precipitate 
'With barium chloriile. Hydrochloric aciti is gradually 
added to the filtrate to distinct acid reaction, the carbon 
dioxide expelled by boiling, and precipitation caused by 
Itarinm chloride. 

When any potassium chlorate remains undecomposed in 
■the fused mass, the hydrochloric acid solution must be 
"Warmed until the liquid ceases to impart the odor of chlo- 
rine gas, which is most perfectly acuomjilished by a par- 
Sal evaporation of the solution. 

^^ • The fusion with sod. carb. and potuaaium oliloriite ia pr&- 
Sbrablcalso to tlie oxidation with nitric acid, btciiiac in tlie latter 
ease the barium sulpliatu is likely to coulain irou. [ Sae p. 84.) 



Arsenic and Antimony Determinalion The esttnmtii 

of these suhstances iii»y very eaaiiy be combine*] with thi 
of the sulphur. The aqueous solution of the fused 
obtained by s<:niiiim carbonate and. potassium chlorate 
reduced to a definite volume, determining in t 
measured portion the sulphuric acid, oa before direcledf 
whilst the remainder is employed for the estimation of ths^ 
arsenic and antimony. For thin purpose acidify the alka-i 
line liquid with hydrochloric acid, and precipitate bot^ 
metals as suljihides, which may be separated according to 
page 16+. 

Gold Deterniinatton. — The residue remaining after 
fusing the pyrites with sodium carbonate and ]>olassiuiit 
chlorate, and treating with water, is taken for the cstima-> 
tion of the gold. As the quantity of the latter is extremel; 
small, a large amount of substance must be used, and thi 
decomposition executed in a Hessian crucible. The rtai 
due, insoluble in water, consisting principally of ferrii 
oxide, is ignited in a stream of hydrogen gas, and the r» 
duced iron (nickel, cobalt, etc.) dissolved in nitric aci<L. 
The residue that remains is dissolved in aqua regia, th« 
silica filtered oif, and the liquid evaporated to dryness on- 
B water-hath. A few drops of dilute sulphiu'ic aeid i 
added to the aqueous solution of the residue, and the liqt 
heated some time with a concentrated ferrotis sulphi 
solution. The metallic gold that separates out is washed' 
then ignited in a porcelain crucible and weighed. 



Ifetermination of Iron, Copper^ MangaTiese, CohiUtt 
Nickel, and the Alkuline Earths. — These substances a 
determined either in the solutions of the mineral in aqua 
regia, or in nitric acid and potassium chlorate, or, better, 
in the insoluble residue remaining after tn-ating the fiisedi 
mass obtained by fusion with so<la and potassium chlorattt' 
(estimation of sulphur, antimony and arsenicj with water. 
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Wh«ii the p7rit«a )ms been decompoacd witb nquu rcgiii 
■or nitric acid, the latter ia removed by repeated. eFaporu- 
tion with hydrochloric acid, Lhe residue is disaolvod in the 
Bame acid, diluted, and the liquid freed from silicic acid 
by filtration is reduced with sulphurous acid (p. 87). Afl«r 
complete reduction of ferric to ferrous oxide, hydrogen 
Butphide is conducted into tiie liquid, and the filtered sul- 
phides digested with a solution of sodium sulphide. The 
insoluble copper sulphide is washed with water containing 
hydrogen sulphide, then ignited in a current of hydrogen 
and weighed (p. 48). 

Finally, after the expulsion of the hydrogen »ulphi<le 
from the filtrate and the oxidation of ferrous to ierric 
oxide with nitric acid aided by heat, separate the iron, 
manganese, cobalt and nickel aeeordiug to page 104. 

Aa the ferric oxide may contuin some siUcic Acid and 
^so the alumina that is present, the precipitate should be 
again dissolved in dUute sulphuric acid and the iron de- 
"terinined by titration, either with stunnous- chloride (p. 
80J or permanganate solution (p. 7.')). 

After the destruction of the ammonium sulphide by hy- 
drochloric or sulphuric acid (p. 105), the calcium and 
tn^neaium are precipitated in the usual manner with am- 
aonium oxalate and sodium-ammonium pliosphnte. 

Wlien tliat portion of the fuved mass insoluble in water 
B used in the determination of the oxides, it is dissolved 
in hydrochloric acid, and, itfter separating the silica as 
k usually done, separate in tlie filtrate the oxides as above 



Mlsplckel. 

Oompoaitlon Iron, arsenic (antimony) and sulphur. 

The mlnenil may be eitlier decomposed with a<|ua regia 
or n-ith pota^^ium clilorate (p. 133). In both instances 
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the nitric acid is expelled by repeated efsporation to fliy- 
HfHS with additiun of hjJrouIiIoric nciiJ, and, after bringing 
the latter solution to a definite volume, the sulphuric acid 
is precipitated in n measured portion, or th^ entire solution 
is treated with barium cliloride, the excess of the latter in 
the filtrate being removed by dilute sulphuric acid. 

For the separation of tlie arsenic (antimiHiy) from 
the iron, precipilatt! the first as sulphides. As, however, 
the arsenic acid is so extremely slowly precipitated by 
hydrogen sulphide gas, it is more practiual, to previously 
convert it into araenious acid, nhich is easily thrown down 
as sulphide. Either sulphurous acid or the solution of a 
sulphite (see potassiom or sodium hydrosulphile, p. 87) 
will serve as a reducing agent. Uydn^n sulphiiie is 
now conducted into the liquid until its odor is strongly 
predominant, and the arsenic (antimony) tersulphidc fil- 
tered off. 

When the mineral does not contain antimony, tlie pre- 
cipitate may be dissolved in hydrochlorie acid with the 
^d of potassium chlorate, and the arsenic acid tht^n pre- 
cipitated from an ammoniacal solution as ammonium-mag. 

When antimony is present the hydrochloric acid solu- 
tion is treated according to page 165. 

The filtrate from the arsenic sulphide, after the expul- 
sion of the hydrogen sulphide, ia oiidized with nitric acid 
or potassium chlorate and the ferric oxide precipitated hj 
1 hydrate (p. 21). 



Chaloopyrite. 

Compoii'tion. — Copper, iron, sulphur and qHartc i 
All the consLituents may be determined in the lnu» 
solution if the method described (p. 133) be carefully fed- 
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lowed (oxidalion of the sulphur uomiiounda with |julua- 
sium cliloralc und nitrb acid). Tiiu filtrate from the 
residual quartz is repeatedly cvai>orated with hydrcH-ldoric 
acid to expel the nitric acid, and the sulphurio acid then 
precipated by barium chloride. Tlic excess of the latter 
is gntteu out with dilute sulphuric acid. 

The copper in the liquid filtered from tlie barium sul- 
phate is determined as sulphide (p. 48), and the iron, after 
tlie removal of tlie hydragen sulphide and oxidation of the 
liquid with nitric add, is precipitated by ammonium hy- 
drate as ferric hydra ted oxide. 

In most analyses of cbalcopyritc, the estimation of the 
copper is the most important aubJucL ll may be deter- 
mined as cuprous sulphide or as metallic copper. To 
estimate it in the latter form, be sure to drive out the lust 
traces of nitric acid if it has been employed in the decom- 
position of tlte mineral. This may be accomplished by 
heating the filtrate from the quarts lo boiling, and gitidu- 
ally adding lo it a concentrated solution of ferrous sulphala 
acidified with sulphuric acid, until the liquid becomes 
dark-brown in color and the liberation of giia is no longer 
visible. When all the nitric acid is reduced, undecom- 
posed ferrous salt should still be present in the liquid. 
This is readily ascertained by adding potassium ferri- 
cyanide to a drop of the liquid. 

Cadmium or zinc will cause the separation of copper in 
a metallic form.* 

Of the Tolumetric methods for the determination of 
copper, only the two in most frequent use will be described. 



' For the ulectrolytie separadon of copper as a method for 
determinntjon in ores, see Frescnius, Journ. f. Aiial^tische 
Chemie, Jahrg. 8, p. 23, uiid Juhrg. xi. p. 1- 
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Copper Determined with Sodium BypomilphiU.- 
When the solution of a cuprie salt is mixed with a potas- 
niutn iodide nolution, cuprous iodide is precipitated, and a 
quantity of iodine, equaling that conttuned in cuprona 
iodide, separates : — 

2CuS0, + 4K1 = Cq,T, + 2K,SO, + I 

The aepanited iodine is detenuined with a Bodiuni hy- 
posulphite solution (p. 96), and one atom of iodine cor- 
responds Ifl one atom of copper. 

In the ostiniiklion of eop|ier according to this method, 
the copper sulphide, as above obtained, is dissolved in 
nitric acid, and this then fully expelled by evaporatioi 
with addition of dilute Eulphuric acid. 

The a<iueoiia solution of the residue is mixed with a 
excess of potassium iodide and starch solution, and Bodium 
liypoBuljiliite added from a burette, until the blue color of 
the staryli iodide first disappears. 

When, in estimating copper in ores, absolute accuracy 
is not required, the nitric acid solution may be saturated' 
with ammonium hydrate, the iron oxide filtered off, and 
the solution after acidulation with hydrochloric acid treated 
as first directed. 

The precipitated ferric oxide, however, invariably o 
tiuns some cuprie oxide. To dissolve as much as possible 
of this, the filtered and imperfectly washed precipitate is 
again dissolved in hydrochloric acid and tlie precipitation 
with ammoDimii liydrate repeated. 

Capper DeleTUiined inith Potaitium Cyanide. — By su- 
persaturating the solution of a copper salt, e. g., copper 
nitrate, with ammonium hydrate, a deep-blue colored 
liquid of cuprie ammonium nitrate [_Cu{N0,),4NH,] is 
produced. Upon the addition of a potassium cyanide 
solution Co this liquid, the blue coloration immedinlcly 
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i altereil to 



s the cupric aninionium n 
colorless jiotassimn copper cyanide : — 
Cu(NO,),4NH,+4KCN = [Cu(CN),2KCN] + 2KNO, 
+ 4NII,. 

The end of the reaction, therefore, will he indicated by 
.B perfect disuppeantnoe of the blue color of the solution. 

The value of the potassium cyanide solution employed 
ja lised with an ammoniacal copper solution of known 
Strength. This solution is prepared by dissolving 10 
^jms. of copper in nitric acid und diluting the liquid satu- 
rated with ammonium to 1 litre. 

This method, however, affords unreliable results, even 
'if in the standardization of the solution, and in the actual 
titration, similar conditions are always observed. It has 
«cently been recommended for the determination of cop- 
iper in ores poor in the melal (especially for the estima- 
tion of copper in Mansfield slate) ; and, in addition, Stein- 
beck suggests the following process : Pour over five grma. 
of the pulverized slate 40-60 C. C. commercial hydro- 
cliloric acid of I.IG sp. gr., adding to this 6 C.C. dilute 
nitric acid (equal vols, water and nitric acid of 1.2 sp. 
jfr.), and heat upon a water-bath for half an hour, finally 
bringing the liquid to boiling, which should he continued 
ten to Ufteen minutes. By this means all the metals con- 
teiffed intheore are dissolved (Cu, Pb, Zn, Fe, Mn, Co). 
The insoluble portion is Altered otf, and the copper thrown 
^owD from the filtrate with zinc. 

The final reduction of the copper solution may be re- 
mgnized by mixing a drop of the liquid witli ammonium 
hydrate (p. 58); the supernatant liquid is then poured 
off, the residual copper washed (p, 58), and dissolved in 
■i C. C, nitric acid of the above-mentioned concentration. 
To the cooled liquid are added 10 C.C. of ammonium 
hydrate (prepoi-ed liy mixing 2 vols, water and I vol. 
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of Ep. gr. 0.93), 
eiuru cyanide. 

The vuiue of the polassii 
with a copper solution c 
about to l* iletcrmined. 
nitric acid iind Bininoniii 

Mohr advises that the< 



nil thi!U titrated with p 



liura cyanide solution ia fixed 
like concentration as the one 
Here, aleo, equal quantities of 
are to be used. 
i be diseolved in nitric acid a 
acid, or hydrochloric, nitric, and excess of si 
d, and that the solution tiien be evaporated 



dryness. The filtered liquid is free from hydrochloric 
and nitric acid and lead, and upon the direct additioDi 
of iiinc the copper may be obtained pure (free tioia, 
luLd). It h buttur then to immediately weigh the cop- 
per tliau ki redissolve and determine it volumetrically. 

Nickel Matte. 
Coi'i'EK Mattk. 



D, copper, lead) 

vitit aqua regis 

itric acid by re- 

If the gaugne 



Compotition Xlckel, cobalt, zinc, iro 

arsenic, antimony, sulphur, and gangue. 

Digest the finely pulverized subetance ' 
until pure gangue rentains, and exjiel the c 
peated eva[>oration with hydrochloric acid, 
does not become white upon evaporating the residue 
with dilute hydrochloric acid, it should be fused witb 
potassium hydrosulpliate and the hydrochloric acid Bolu- 
tioD of the residue added to the other. 

After the reduction of the arsenic acid with aulphurous^ 
acid or jiolassium hyposulphite, saturate the liquid with, 
hydrogen sulphide gas, and filter off llie sulphides thus 
obtained. By digesting these with sodium sulphide,' 

* Aa copper sulphide is eomewhat soluble in ainnioiiiuiQ sul 
jihiJe, the latter cuniiot, tiierefore, be used I'ur the suparatio] 
of ttntiniony Jind nrai'Jiic. 
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nlimony are dissolved,* and are reprecipi- 
tated us sulpiiiiles upon [he addition of dilute liydro^ 
cblorie or sulphuric acid to the filtered liquid. (See p. 52.) 

The sulphideH are separated by dissolving tliem in aqua 
regia, and adding so mnt-h tartaric acid to the solution 
that the subsequent addition of aminonium hydrate will 
cause no precipilation. When the added tartAric acid 
was insufficient the ammonium hydrate will produce a 
precipitate, which, after the removal of the .inpernalant 
liquid, may be diseolved in an excess of tlie acid. From 
this solution magnesium chloride will only precipitate 
srscnic acid as ammonium-inagDesium arseniate, which is 
determined as directed on page 69. 

After acidulating the filtrate with hydrochloric acid 
the antimony is precipitated as antimony tersulphidc, and 
determined either as such or converted into antimoniate 

if antimony (p. US). 

The insoluble copper and lead sulphides, after perfect 
washing with water containing hydrogen sulphide, are 
dissolved in nitric acid, with addition of hydrochloric acid, 
W)d the liquid evaporated with dilute sulphuric acid 
(p. 49). In the filtrate from the lead sulphate, after ex- 
pelling the alcohol, determine the copper as oxide (p. 14], 

IT as metallic topper (p. 58), or volumelrically fp. 162). 
The filtrate from the hydrogen sulphide precipitate is 
boiled to expel the excess of the precipitant, and nitric 
acid then added to oxidize the iron, which is thrown down 
upon the addition of ammoninm hydrate. As the ferrie 
oxide contains weighable quantities of KJnc, cobalt, and 

nickel, the imperfectly washed precipitate is dissolved in 
bydroehloric acid, the solution neutrali7.ed with ammo- 



• WTien antimony and arsenic are present in rather large 
qnantitleB, the aulphidea digtslcd with sudium sulphide and in- 
luluble, lire fused with EoUa and sulphur (p. 54). 
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itniiDCfiiJiim of ^ft. *r. 0.d3}. md tks titrmted widi potas- 
f»iuni cvauide. 

Tbe railue cf the pottfiam cjimde solotioD is fixed 
wjiL a cifftfter Boliitioii at Hke eoDcentzmtkm as tiie one 
iilKMit to be detemuDed. Here, abo, equal quantities of 
Ditnc acid luid anuDonimn are to be need. 

Mohr HkdriritbB that tbe ore be diseolTed in nitric aeid and 
f<ul}«}jiiric acid, or brdrocbloric. nitric, and excess oT nil- 
jJiuric acid., and tliat tbe sdiitioD tben be CTaporated to 
drrm^A. Tbe filtered liquid is free from bTdrochloric 
and nitric acid and lead, and npoo tbe direct additioo 
of zinc the cojrper maj be obudned pore (free from 
It^ar]). It \^ better tben to immediatelT weigh the cop- 
]»er tlian to redissolve and determine it Tolumetricallj. 

Nickel Matte. 
Copper ^Iatte. 

f^ompoiition — Nickel, cobalt, zinc, iron, copper, lea*l, 
arM/nic, antimony, sulphur, and gangue. 

Di^csit the finely pulverized substance with aqua regia 
until jiure gangue remains, and expel the nitric acid by re- 
{K'ut'Cd eva]»oration with hydrochloric aeid. If the gangue 
dfieA not become white upon evaporating the residue 
with dilute hydrochloric acid, it should be frised with 
}K>Ui8siura hydrosulphate and the hydrochloric acid solu' 
tion of the residue added to the other. 

Aft45r the reduction of the arsenic acid with sulphurous 
acid or jiotassium hyposulphite, saturate the liquid with 
)iy<irr»gcn Hulphide gas, and filter off the sulphides thus 
obtained. By digesting these with sodium sulphide,* 



* Am copper Kulphidc in somewhat soluble in ammonium sul- 
phide, th«; lutt<T cannot, therefore, be used for the separation 
of antimony and arsenic. 
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id nntimony are dissolved,* and are reprecipi- 

Wed as solpliiJes upon the addition of dilute hydro- 

iloric or sulphuric acid to the filtered liquid, (Seep.52.) 

The sulphidca are separated by dissolving them in nqua 

igia, and adding so much larlanc acid to the solution 

let the Hnbsequent addilion of ammonium hydrate vrill 

nuse no prcuipilution. When the added tartaric acid 

insufficient the ammonium hydrate will produce a 

trecipitate, which, after the removal of the supernatant 

iquid, may he dissolved in an excess of the acid. From 

is solution magnesium cliloride will only precipitate 

senic acid as ammonium-mt^nesium arseniate, which is 

jterroined as directed on page 69. 

After acidulating the filtrate with hydrochloric acid 
e antimony is precipitated as antimony tersulpliide, and 
letermined either as such or converted into antimoniate 
if antimony (p. S3). 

The insoluble copper and lead sulphides, after perfect 
jrashiiig with water containing hydrogen sulphide, are 
HsBolvedin nitric acid, with addition of hydrochloric acid, 
Hid the Ii<iuid evaporated with dilute sulphuric acid 
p. 49). In the filtrate from the lead sulphate, after es- 
telling the alcohol, determiue the copper as oxide (p. 1 4), 
W as metallic copper (p. 38), or vol u metrically (p. 162). 
The filtrate from the hydrogen aulpliide [irecipitite is 
toiled to expel the excess if the precipitant ind mine 
keid then added to osidize the iron w hith is thrown down 
Ipon the addition of ammonium hydrate As the ftrne 
gxide contains weighable quantities of rinc cobalt and 
liickel, the imperfectly washed prLcipitate is dissolved in 
^drochloric acid, the solution ncutrnh/ed with ammo- 

When antimony si d aratmc are prusirt n mther Inrgo 
ipiantities, the sulphides digitated with sikIiuui aulpliidu and lo- 
-solublu, are fused witli sods and sulphur (p. 54). 
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nium hydrate and carbonaie (p. 72), and Ihe iron pre- 
cipitated by boiling. Ttic. ft^rricoKidtillius obtained should 
be examined for cobalt and nickel, and ihe precipitation 
finally repeated. 

In separating zinc from nickel, proceed as directed on 
page 62. When the zinc Biilplnde ia not perfectly white, 
the separation should l>e repeated. 

Cobalt and nickel are preeipitated in the filtrate by the 
addition of ammonium hydrate and sulpliide. This in 
bent executed in a fiask that may be readily closed. An 
excess of ammonium sulphide should be avoided, as nickel 
sulphide is somewhat soluble in it. In cose the filtrate is 
colored brown, due to the nickel held in solntion, add 
mercurous nitrate to iL The mercury sulphide that furma 
carries dotrn with it the nickel sulphide, and upon igniting 
the precipitate the former will again be volatilized. 

The dried sulphides are dissolved in hydrochloric acid* 
with addition of nitric acid, and the filter, freed as 
much us possible from the precipitate, incinerated, and 
the ash added to the solution. The diluted liquid is then 
treated with sodium hydrate in a porcelain or phitinum 
dish (p. 22). The precipitate, consisting of the hy- 
drated oxides of cobalt and nickel, after being washed 
j)ertectly by decantation with hot water, is reduced in a 
current of hydrogen, and the metals formeil, as above 
directed (p. 22), treated with water, and t^in ignitedL 
They are generally rendered impure by small quantities 
of silicic acid, iron or alumina ; therefore, dissolve them in 
nitric acid, filtering the solution from the silicic acid, and 
precipitate the iron by neutralizing the solution with am- 
. hydrate, and supersaturating with ammonium 



• Wlieii niai^iineBC is present, the aulpliidea are ]nv- 
viously tri'Bted witli hydrochloric acid and Iijdrc^n xulphide. 
(See p. 104.) 
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wrbonatv. Filler oflT iIil' pntcijiilnte, fliawilve it, ninl re- 
1 tbe precipitalion. By ignition in h liydrogei) cur- 
■ent the ferric oxide will be reduced lo the nielallic siMe, 
id, together with the Bilicic ac-id, dednuted from tiie co- 
bnlt and nickel. 

For the eatiinfttion of the cobalt and nickel, evaporate 
the filtrale from the ferric oxide and ignite the residue to 
expel all aiamoniaciU. enlts. In the hydrochloric acid 
lolution of the residue, precipitate the cobalt as potassium 
eobaltic nitrite. (See p. 104.) The addition of sodium 
liydrate to the filtrate will produce the precipitation of the 
pickel. 

When there is relatively much colialt present with tlie 
Bickel. it is more practical to convert these into potaHsium 
pickel cyanide and potassium cobalt cyanide, and then 
precipitate the nickel as ^esijuioxide from an alkttlino 
iBolutinn «f these compounds. For this purpose, supor- 
mttirate the nitric acid foliition of tho sulphides with 
Jmtassium hydrate, and add to this hydrocyanic acid, 
imtil the precipitate diasoWes and the liquid very distinctly 
Imparts the odor of the hydrocyanic acid. By boiling 
is solution for some time (about one hour), replacing 
e water tliat is evaporated, the dotitde cyanide of cobalt 
luid potassium in the solution is mostly converted, with 
the liberation of hydrogen, into potassium cobalt i cyan i do, 
nrhilstthe double cyanide of potassium and nickel remains 
mohanged. By conducting clilorine gas into this solu- 
ion, or wanning it with bromine water or sodium hypo- 
thlnnte, in which case care must be preserved tliat the 
BquW continues to be alkaline, the nickel will be precipi- 
bted as sesquioxide, which upon ignition jiasses into 
protoxide. The latter compound can readily have alkali 
idhere to it, therefore it is a<lvisable to ignite the precipi- 
at« in a stream of hydrogen and detcnnine the nickel as 
Jnctnl (p. 28). 
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For the determination of the cobalt, ihe filtrate is Eoixed 
with iiiu-iu acid until the liquid reacts oaiy sl^litlf ulka- 
liiie, iind mercurouH nitrute is then added to it. 
culmlt tUlIs aa cobultic incrcurii; cyanide, wliich, after 
wiialiing and ignition in a stream ol" hydrogen, bee 
metallic uobull. The metal should be tested for alkali 
(p. 22). 

In analyses of nickel-matte, ttie determination of the 
cobalt and nickel demands the most consideration, and 
the course of analysia, in consequence, may be conwder- 
altly Bimplilied. 

I'i'oceed at fii^t as abore directed, removing from the 
solution ovcrything precipitated by hydrogen sulphide g 
Kt!|iaratB in the filtrate, as heretofore, the iron from i 
Kino, cobalt and nickel. Tlie filtrate from the iron pre- 
uipitatu, which must necesciarily be concentrated, is mixed 
with sodium carbonate to alkaline reaction, the precipi- 
tate tiittt is produced being dissolved in acetic acid and 
sodium acolate (HO C. C. of a solution of the concentration 
1 : 10) added. From thi^ solution the metals are preci- 
pitated by hydrogen sulpliide, the liquid being heated con- 
tinuously to about 2C C. The filtrate from the sulphides 
of cobalt and nickel (zincj, which contiimes to impart tha 
odor of the precipitant, is neutralized with ammonium 
hydrate and slightly acidulated with acetic acid, which 
will uuuau a meagre precipitation of nickel and cobalt aut- 
phides. This precipitate may be transferred to a sepa- 
rate filter. To remove the zinc co-precipitated with 
cobalt and nickel, we pre obliged to dissolve the sulphides 
in hydrochloric acid, aiding their solution by the addition 
of nitric acid and evaporating the liquid to dryness, and 
mixing the hydrochloric acid solution of the residue will 
ammonium chloride. A aulliciently large quantity of thi 
latter is uthlcd, so that for about 5 grms. of it there arc 0,1 
grm. zinc oxide. Upon evaporating this solution to drynea 
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md gently igniting tlie residue, all the zinc will be voln- 
lilized in the form of chloridn, togetlier tvith the ammu' 
ilium chloride, and metallic c«balt aod nickel will remain. 
These are dissolved in hydrochloric acid with some nitric 
luiid, and preeipitAted from this solution with potaHxium 
hydrate. The oxides thus obtained are, aa heretofore, 

reduced and ignited Fre»enin». 

For the mere determination of the copper in the matl«, 
the already described process may be followed. 

The sulphur is best iletermined in a separate portion of 

he materiul. 
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These are obtained in the smelting of cojiper ores con- 
taining antimony or arsenic, or lend Dn;s containing arsenic 
and nickel, and are in composition antimony and arsenic 
compounds of iron, cobalt and nickel, together with sul- 
jitiides of copper, lead, silver, bismuth, iron and zinc. 

Provided the quantity of leader antimony in the speiss 
is small, the analysis may be executed in a manner similar 
to that employed with the copper matte. When bismuth 
is present, it is determined in the filtrate from the lead 
sulphate, after the expulsion of the alcoliul, hy adding an 
excess of water to the solution previously saturated with 
hydrochloric acid (p. .^6). 

When large quantities of lead and antimony are present, 
it is advisable to decompose the substance with chlorine 
The apparatus pictured Jn Fig. 16 serves for this 
purpose. 

The bulb-tube k, of difflcullly fusible glass, containing 
'the finely pulverized aubatunce, stands in connection with 
the chlorine generator and also the receivers p and u'. 
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The down ward -inclined limb of the tube almost dips iiBS ■ 
tlie liqwid of the receiver v. The generaling fliisk K « 
tains Mursely powdered manganese dioxide, which, when 
heated with hydrochloric acid, generates chlorine gUi 
which is dried by its passage through the flasks a and ft, 



containing concentrated sulphuric acid. 




To be able lo pro]:trly regulati' ll^i 
tube, bent at righl anplcs, is inscrlfil 
immersed in the polassiuni liydrnle 



[cylinder C, bo that upon the entire or partial closure of 
slopcQc^ h the chlorine will be conducted into the 
Lseium hydrate and tliere ubsorbod. v and v' are par* 
r tially filled with a mixture of equal volumes of hydro- 
chloric and tartaric ucid. The chlorine gas is conducted 
I away liy connecting tlie extreme limb of the receiver v' 
in aspirator or a glass tube, bent at right angles, 
(he end of which dips in a Bolution of dilute poluseium 
%ydrate. 

As chlorine gas attacks caoutchouc corka very readily, 
ordinary corka are employed, and the tubings, connected 
by pieces of gum, are closely pushed together. 
I When the apparatus is arranged, conduct a gentle but 

continuous stream of chlorine gas over the contents of the 
.^saa-bulb, and continue this as long as any decomposition 
'.iH the Bubstanec occurs, which is indicated by the warm- 
jfeg of the bulb. The contents of the Iatt«r are now 
• ■'-- heated, the flow of the gas being at the same time 
increased, the temperature rising gradually; not, however, 
jtteooming so great as to cause the bulb to fall into a red 
glow. By this process the volatile chlorides (arsenic, an- 
<^mony, a portion of the zinc and iron), and sulphur as 
ifaloride are driven from the bent tube into the receivers 
I and v', the chlorides being dissolved, and the sulphur 
ixidized to sulphuric acid.* 
When, upon the application of heat to the bulb, the 
fUbltmatiou of the chlorides no longer occurs, drive the 



partly oxidized 



a circumstances the sulphur chorido is ouly 
sulphuric iiuid ; this can oci'ur when the sub- 
has been heated so intensely by the chlorine tliut the 
ilphur ehloricle was rolntilized before the receiver had filled 
iUi chlorine gas. For this reason the chlorine Btream must be 
lily regulated by pnrtial closure of the glass stopcock, 
ihich will preveut too intense wiirminn; of the bulb contents 
ind the volatilizutiori uf the sulphur chloride. 
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sublimatH in tLe bent tube, the stopcock A ti<;ing closed, 
will) the aid of a gas-flame, us much as possible into tlie 
rutseiver, and sever Che tube immeiliately behind tbe bulb, 
And bj proper inclination of the receiver dissolve the 
chlorides that may adhere to the glass tube. 

The contents of the receiver are transferred to a beaker 
gloss, and the sulphuric acid precipitated with burium 
chloride (p. 15). If sulphur has separated < 
receiver, it is brouglit upon a weighed filler, dried at 
100° C, and its weight ascertained. 

After removing the excess of barium with dilute sul- 
phuric acid, prci;i[)itate the arsenic and antimony with 
hydrogen sulphide. The obtained sulphides are separated 
according to page 163. 

By saturating the filtrate from the sulphides n 
monium hjdrnte and sulpiiide, the iron and ieinc wUl be 
precipitated as sulphides.* 

The latter are filtered with exclusion of air, vashtid 
with water containing ammonium sulphide, then dissolved 
in hydrochloric acid with addition of potassium clilontt«, 
and added to the principal solution. 

The non-volatile chlorides of copper, lead, silver, bis- 
muth, cobalt and nickel (iron and xinc) remaining in the 
bulb are dissolved in dilute hydrocldoric acid, and sepa- 
rated according to metliods already described. 

Miargyrite, 

CompOiition — Silver, antimony (arsenic), sulphur luid 
gangue. 

The mineral is very easily decomposed by chlorine gas; 



• It will not do to add the filtrikf b ilirwtly to the solution of 
tbe nictala remaining in tlie hidb-tubc k, iH'ciiiise the tart)lde 
ai^id will previ-nt the precipitation of the oxides by cert 
reiigi^nta. 
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after the decomposition the bulb-tube contains silver chlo- 
ride* and gangue, which are separated as directed under 
Galenite. 

In regard to the compounds that have passed over into 
the receiver, refer to the preceding analysis. 



Tetrahedrite. 

Composition, — Copper, antimony, arsenic, silver, lead, 
iron, zinc, sulphur and gangue. 

The decomposition here is also effected by chlorine. 
The receiver will contain antimony, arsenic and sulphur, 
as well as iron and zinc. After the separation of the an- 
timony, arsenic and sulphuric (p. 172) acid, precipitate 
the iron and zinc with ammonium sulphide, dissolve the 
precipitate in hydrochloric acid with addition of nitric 
acid, and proceed according to page 108. 

The bulb-tube contains the chlorides of copper, silver 
and lead, with gangue, and sometimes also iron and zinc. 
These should be dissolved in hydrochloric acid (silver 
chloride and any gangue present remain behind), and are 
separated in the manner described on page 152. 

Furnace-Bears. 

Sows. 

These form alloys of iron (principal constituent), cop- 
per, silver (gold), molybdenum, vanadium, cobalt, lead, 
nickel, zinc, with sulphides and phosphorus compounds of 
these substances, containing besides larger or smaller 
quantities of carbon and silicic acid. 

* The silver is best determined by cupellation in a separate 
portion. (See Galenite.) 

15* 
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These subslances iire completely diBSolvei! by heftting 
them with nitric auid or aqua regia, leuving behind carlma 
Olid Hilieic acid. The scpiiration of the metnls succeeds 
more readily when the decompoaition baa been e&ecled 
by chlorine gas. In case u large quantity of iron ia ] 
Bent, it is, however, necessary, in order that the obstruc- 
tion of the bent tube be prevented, to employ a tube of 
difficultly fusible glasB provided with two bulbs, so i 
the second bulb ia in a proper condition to take up the 
larger quantity of the ferric cbloride. The ignition in a 
etn-am of chlorine is continued until ferric chloride is no 
longer sublimed, and then you may be aiiHured all iha 
molybdenum chloride baa also been volatiliited. In decom- 
posing with chlorine gas, the latter abould be introduced 
slowly when beginning, and this ia to be particularly ob- 
served when the substance exists in a llnely pulverized 
state. Heat is only applied to the tube when there 1: 
lunger any perceptible action noticed in the cold. 'Wh6n 
the operation ia complete, the receiver will contain, be* 
sides the aulpbur and phoHphorua chlorides, the iron, 
vanadium, and molybdenum in form of chlorides. In the 
bulb-tube may be found tbe remaining chlorides, as well 
as the iron residue, carbon and silicic acid. 

The conlenls of the receiver are used for tbe determi- 
nation of the oxides, whilst the sulphuric and pboepboric ' 
acids are estimated in a separate portion of tbe substance. 
(Sec below.) Continue conducting hydrogen sulpbidegas* j 
into the liquid until the solution above the precipitate has J 
become perfectly colorless. As raolybdic acid is alton^ I 
very slowly lo sulphide, the solution, containing thf« formed I 



aimilium h not present, supcrsaliiral^ the liquid 
um hydrate and sulphide, which will dissolve tlifl 
moiyhdeuum sulphide mid leave the iron. (For the further pro- 
eees, aeePyromorphiw.) Tlie n'sidual iron sulphide isconTerli>d 



-malybdenum oxide, will possess a blue colur, even uAer 
protracted treaCnieDt with tliis reagent. 

The absorbed chlorine, upon the other hand, decomposes 
a rather large quantity of hydrogen sulphide, and it is, 
therefore, owiDg to tiie easy votatilixation of the dis»iilved 
^chlorides, not advisable to previously expel the chlorine 
'by the application of heat. 

The precipitate of molybdenum sulphide is transferred 
*o a filter dried at 120° C, washed with hot water, aad 
dried at the same temperature until constant weight is 
obtained. Au aliquot portion of the precipitate is then 



' heated in a stream of hydrogen 
.determined. 

The filtnile from the molyhdenup 
vanadium and the iron. Ammoni 
with tliis until it yiehia an alkalint 
ismmonium sulphide then added in i 
fdigestion with ammonium sulpliii 
"' e entire quantity of vanadi 



id the residual MoS, 

sulphide contains the 
im hydrate is mixed 
1 reaction, and yellow 
excess. By continued 
le upon a water-bath 
dissolved ; the residue 
sulphide, which may be dissolved in hydrochloric 
cid, and after oKidatiun with nitric acid, precipitated as 
lydratcd ferric oxide. 

For the estimation of the vanadium the solution in am- 
aonium sulphide is mixed with nitric acid and eva^Htrated 
to dryness. The residue is mixed with several times its 
weight of saltpetre, and gradually heated to fusion in a 
porcelain crucible. Exiruct the residue with water, neu- 
tralize with nitric acid ; the liquid must, however, con- 
tinue tn react alkaline, and precipitate the vanadic acid as 
ammonium vanadate. To this end, after concentrating 
the solution as much as possible, and while warm, add to 
it a saturated solution of ammonium chloride and oue- 
tbird volume alcohol. After several duys the ammonium 
Tonadate will have separated perfectly, and may then be 
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washed al first with a Batorated aiuroooiam chloride saltt- 
tinn, and the latter finally rtrplaccil by alcoboL 

By gradual ignition of' ammonium vanadate with mc«8> 
of air it i« converted into (V^O^) vanadic acid. To pre- 
vent tlie rednvtion of the latter the precipitate must Im 
carefully separated from the filter, and thia 
Ufion a platinum wire, after having moistened it with 
monium nitrate, and then dried. The cliloridca 
iiig in the bnlb-tube are dis»olveil in hydrocliloric aeidf 
and the carbon transferred to an asbestos filter. Its 
quantity is determined by mixing it with cupric oxide, and 
oxidizing it in a Btream of oxygen to carbon dioxide, 
which is absorbed by soda-lime, then weighed. For Ihft 
remaining points of this o^ieration, seethe analysis of Cast 
Iron. 

When silver is present it will remain with the carbon, 
after treating the chlorides with hydrochloric acid. IF it 
is desirable to determine tlie silver simultaneously vrith 
the carbon, ignite the residue in a stream of hydn^n, 
which will cause the reduction of the silver chloride to 
metal, which ia then dissolved in dilute nitric acid, and 
tlie silver determined as chloride in the liquid filtered 
through an asbestos filter (p. 47). 

The separation of the chlorides dissolved in hydrochloric 
acid (residue of the bulb-tube after decomposition with 
chlorine gas) may be effected by reference to the preceding 
examples. 

To estimate the sulphuric acid dissolve a separate por- 
tion of substance in nitric acid or aqua regia, and expel' 
the excess of nitric acid by repeated evajKiration with hy- 
drochloric acid, and precipitate the sulphuric acid in the 
aqueous aciditied solution of (he residue with barium 
clUoride. 

Phofphorie Acid Sflermination — Sufiersat urate the 
nitric acid solution of the substance with sodium carbonate, 



id fuse Ilie residue in a silver or plutinum 
an equal weight ol' a mixture coneisting of 
equal parts of potasaiiim nitrate and sodium carbonate. 
The fuEed mass is extraeled with water, the solution super- 
i^saturated with ammonium sulphide and digested some 
time upon a water-bath, wiieroby the molybdenum is dis- 
solved as aulpLide and precipitated as such upon the addi- 
tion of hydrochloric acid. The acidified solution is heated 
nnlil it no longer imparts the odor of hydrogen sulphide, 
and the phosphoric acid is then thrown down in the fil- 
trate, after previous neutralization with ammonium hy- 
drate by the addition of Diagnesium chloride to the liquid 
(p. 25). 

All the vanadie acid will be found in the filtrate from 
the magnesium ammon -phosphate, provided that a snffi- 
eient quantity of hydrochloric acid had been emjiloyed for 
the decomposition of the ammonium sulphide. 

Stibnite. 

Composition — Antimony, sulphur (iron, lead, copper, 

ic). 
When tho mineral contains nothing but antimony, iron 
fmd sulphur, a finely pulverized portion of it may be oxi- 
dized either with aqua regia, or potassium chlorate and 
nitric acid. If aiitimonie oxide separates out in this 
eperatton, decant the liquid from it, and bring it into 
#Dlution by treating it with a mixture of hydrochloric and 
lortaric acid, or tartaric acid is directly added to the aqua 
Fegia solution. 
The liquid freed from excess of acid is precipitated with 
1 chloride, after the previous addition of tartaric 
;Bcid, which is done to pruvent the precipitation of any 
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I'lit! cxcesB of barium i;liloride in the filtrate b jiKcipi- 
tnti^d hy flul{ihuric ai;iil, aod the antimoDf id the tiltnla 
llirown down ua Mulphide, and determined according (o 
piigii 53. 

Uotormine the iron by adding ammonium liydnite anil 
Bul[i)iide to the filtrote from the antimony sulphide. After 
llio vomfileto aeparatioo of the iron sulphide, whiuh it 
hasUtnud by warming the liquid, it is filtered away from 
air^contact, washed with hydrogen sulphide i 
dia8olved in hydrochloric acid with addition of potassium 
chlorate or bromine water. Ammonium precipitates from 
thin Hululinn iiydrateii I'emc uside, which is determined 
Bcuording to page 24. 

11' tliu above-mentioned metals, especially lead, are pre- 
■Gtit in the stibnico, it must be decomposed with ciilorine. 
Tliu uhluriilea of araenic, antimony, sulphur a 
Kublimcd and then seiHiratcd as on page 17^. 

A« Blibnile ia decomposed very euaily already at ordi- 
niiry teiiiperiitureB by chlorine gas, to prevent a too rapid 
volntiliKation of sulphur chloride (see remark, p. 171), 
tlic stream of chlorine must be regulated and allowed to 
[i»MK tlirou(?li the bulb in a weak current. 

In the bulb-tube are the chloridea of lead and copper 
and tliu iron residue. These are dissolved in water with 
addition of hydrochloric aeid, and the copper and lead 
Be|uirated according to page 4D, 

The iron is precipitated as hydralcd oxide in the hltrate 
Oorn the copper sulphide. 

In many instances in the aualyaia of stibnite the esti- 
mation of the antimony ia all that is desired ; this is ac- 
compliahed either gravimetrieally or vol u metrically. For 
tile gi'avimetric determination of antimony, superaaturate 
the solution which has been obtained with ammonium 
hydrate and sulphide, and digeat for aomo lime upon ■ 
walcr-biith, following carefully tlie 
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■page 52. In the presence of cupper, oodinm Riilphiile eliuulil 
Hreplac6 amninniuin xulphide. Wlieti cotiHiik-ruble <pianii- 
Bliea of otlier inetuls art; mixed witli nntimutiy in dlibnitPi 
I'Dne will not succeed in diseolving all tiio anlimony siil- 
I phide in alkaline sulpliidea ; llierefore the reitidunl »ul- 
I phides should be fuEed with Hodium carbonate and Bulphnr 
[ (I'. fl4)- 

I Hydrochloric or sulphuric ncid prccipitate» the sulphide 
kvf antimony from its solution in the alkaline sulphides, 
Kind it is then further treitted according to the method 
Biven on page 52. The antimony sulphide may be deconi- 
^BD6Cid by hydrochloric acid, and the evolved hydro^<n 
Isnlphide gas conducted into a bn)inine solution (p. 135). 
The antimony is calculated from the amount of sulphuric 
wid that hpiB been obtained. 

Sb,S, : 3BaS0„ etc., or BaSO. : |Sb. 
The volumetric determination of antimony depends on 
the principle that the antimonic oxide in an alkaline solu- 
^on is converted by iodine into antimonic acid and hy- 
[driodic acid : — 

HSbO, + 21 + H,0 = HSbO, + 2HI. 
If for the decomposition an iodine solution of known 
Urength (about ,'„ normal solution, which is maile by dis- 
)olving 12.7 grms. iodine in potassium iodide solution and 
diluting to 1 litre) has been taken, two atoms of the em- 
bloyed iodine will correspond to one molecule of antimonic 
KKide. To ascertain when the reaction is comjilete, add 
■torch paste to the solution, and, as soon as the liquid be- 
OOmeB blue from the starch iodide, the oxidation of the 
ftntintony oxide is finished. 

The antimony tersulphide is disBolved in hydrochloric 
kcid, heat applied until the odor of hydrogen sulphide has 
j4iHnppei>red, and the solution then mixed with 
Bcid or .SeignelW suit and piipersatuniled witli 



:« 




juunanL 

2f r •!. 'I- 3i«diif£^ iMimaiiL luKxt 9««3l isk^ s»i « rrpre- 
4«u» :=iHr umodrr if ^a^mnt il I C. C. « a«f^ ii JiUm we 



Ti<«^ Trrinirytr-r:?aC7iriL ic ^if 5»£3»*^ «ii&ica0s k IhcsI fixed 
-v-jij. i.au=3iff:iL7 ^ir=ru£. 23i£ 5c ^ Jt^ri^aftuf- ckix the sune 



C''*mf'f^**>^^ L««irL o:iff«r ririMi) mwA 5iilphiir. 

Tbe piulv«rriA:«3 miiKT^ i$ oemMiposiMl with chloriiie 



Compo$itton. — AntimonT, lead (silver, copper, iron), 
sulphur. 

The same mode of decomposition mav be used here as 
in the preceding examples. As zinkenite is soluble in 
hydrrxrhloric acid (excepting the silver that mav be pre- 
»»^'nt, which will remain as silver chloride), the metals may 
be detennined in this solution. The liquid is super- 
Haturat^^d with ammonium hydrate and sulphide (when 
i',()\}\yfiT is present use sodium sulphide), and the directions 
given on page o2 strictly followed. 

When the sulphides of lead, silver, copper and iron 
have been perfectly washed, they are dissolved in nitnc 
u(;i(l, and the lead precipitated as lead sulphate (p. 49). 
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The alcohol ia espfllcd from the filtrate, and the silver 
I thrown down as chloride. In the filtrate from this, 
precipitate the copper as sulphide (p. 48). 

Expel the hydrogen sulphide, oxidize the solution with 
fiitric acid or potaasium chlorate, and precipitate the iron 
.hy ammonium liydrate. 

hen hydrochloric acid has been employed in hringing 
'the mineral into solution, the sulphur must be determined; 
Hub is best accomplished hy following the method de- 
.■cribed in the analysis or Ultramarine (p. 134). 

According to Wbhler, zinkenite ignited in a current of 
tydrogen loses its entire quantity of sulphur as hydrogen 
toulphide, and there remains pure antimony-lead (silver, 
'Copper, iron). The anidysia is carried out by heating a 
"ireighed portion of the sample, placed in a porcelain boat, 
vhich is inserted in a porcelain combustion tube, in a 
Mream of hydrogen gas. The mixture of hydrogen huU 
phide and hydrogen is conducted into a bromine solution 
"p. 134), and the sulphur calculated from the sulphuric 
bcid that has been formed. 

When the decomjiosition is finished, the residue in the 
boat is dissolved in nitric and tartaric acids and c.vaniiued 
e already directed. 



Ullmannite. 

Composilion Antimony, nickel and auliihur. 

The mineral can also he decomposed by chlorine gas. 
The nickelous chloride remaining in the bulb Is dissotveil 
in dilute hydrochloric acid and precipitated with sodium 

'drate. By ignition of the nickelous oxide in a current 

hydrogen it is converted into metallic nickel (p. 23). 



iy« 
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Niccolite. 

KUPFERNICKEL. 

Composition Nickel, arsenic (iron, lead, sulphur). 

The finely powdered mineral is dissolved in aqua regta, 
and the nitric acid removed by repeated evaporation with 
hydrochloric acid. After the reduction of arsenic to 
arsenious acid by means of sulphurous acid, the arsenic 
(and lead) is precipitated with hydrogen sulphide. Upon 
digesting the sulphides with ammonium sulphide, the 
arsenic sulphide will be dissolved. The undissolved lead 
sulphide is ignited in a stream of hydrogen and weighed 
(p. 30). 

The arsenic sulphide is reprecipitated when hydro- 
chloric or sulphuric acid is added to the ammonium sul- 
phide solution. It is then converted into magnesium 
arseniate. (See p. 68.) 

As there is but a trifling amount of iron in niccolite, 
it is separated from nickel by double precipitation with 
ammonium hydrate and carbonate. The instructions on 
page 166 should be followed out here. 

Determine the sulphur in a separate portion by oxi- 
dizing the mineral with nitric acid or aqua regia. 

Linnaeite. 

COBALT-KIES. 

Composition. — Cobalt and sulphur. 

The finely pulverized mineral is decomposed either by 
aqua regia or potassium chlorate, and the solution freed 
from nitric acid by repeated evaporation with hydrochloric 
{icid, and then mixed with barium chloride. The excess 
of the latter is precipitated by dilute sulphuric acid, and 
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the cobalt determined in the filtrate as hydrated oxide, 
which is converted into metallic cobalt (p. 22). 

If accurately agreeing measuring vessels are at com- 
mand, the solution of the substance may be reduced to a 
definite volume, and the measured volumes used in deter- 
mining the sulphuric acid and cobalt. 

Cobaltite. 

Composition, — Cobalt, iron (copper, antimony), arsenic 
and sulphur. 

The course of analysis to be pursued may be readily 
determined from what has been learned from preceding 
examples. Cobaltite is decomposed by nitric acid alone, 
and the acid expelled by evaporating the solution with 
hydrochloric acid. In the aqueous solution of the residue, 
acidified with hydrochloric acid, precipitate the sulphuric 
acid with barium chloride and the excess of the latter 
with sulphuric acid. Or, we can use an aliquot portion 
of the solution for tlie estimation of the sulphuric acid. 
Before precipitating the arsenic, antimony and copper 
with hydrogen sulphide, first reduce the arsenic to arse- 
nious acid with sulphurous acid or potassium hyposulphite, 
and separate the metals by digesting them with sodium 
sulphide. The copper sulphide that remains, after being 
washed with water containing hydrogen sulphide, may be 
weighed as such (p. 48). The sulphides of arsenic and 
antimony that have been dissolved are precipitated accord- 
ing to page 165 and estimated. 

The filtrate from the above precipitate contains yet the 
cobalt and iron. Bring the solution to boiling to expel 
the hydrogen sulphide, then add enough nitric acid to 
convert the ferrous into ferric salts and separate the latter 
from cobalt by double precipitation with ammonium hy- 
drate and carbonate. (See Nickel Matte, p. 166.) 



184 ARSENICAL OOBALT — OERRUSITE — GALENITE. 

To precipitate the cobalt as hydrated oxide, the ammo- 
niacal salts must be first expelled by ignition, or the cobalt 
may be separated as sulphide. In doing this follow strictly 
the description mentioned under Nickel Matte. 



. . Arsenical Cobalt. 

Composition— Cobalt, iron, arsenic and sulphur. 

Proceed precisely as in the analysis of Cobaltite. As 
the mineral contains a very considerable amount of iron, 
its perfect separation from the cobalt can only then be 
insured, when the first obtained precipitate of ferric oxide 
is redissolved in hydrochloric acid and the precipitation 
with ammonium hydrate and carbonate repeated. 

Cerrusite. 

Composition, — Lead oxide (ferric and calcium oxides) 
and carbon dioxide. 

The pulverized mineral is dried at 100° C. and dis- 
solved in dilute nitric acid, and the lead precipitated either 
(p. 49) as sulphate, or as sulphide (p. 57). 

Oxidize the filtrate, after expelling the hydrogen sul- 
phide gas, with nitric acid, and precipitate the small 
quantity of ferric oxide with ammonium hydrate and sub- 
sequently the calcium with ammonium oxalate (p. 13). 

The carbon dioxide is determined in another portion of 
the substance (p. 33). 

Galenite. 

Composition. — Lead (antimony, arsenic, copper, silver, 
gold, zinc, iron), sulphur and gangue. 

Galenite that is rich in antimony is most advantageously 



tompoxed by chlorine gas. If nitric w.i<\ or some other 
idizing agent is used to uautiB solution, th« aopuruted 
] sulpbate la invariably impurilied by antimony. 
In the decomposition with chlorine gas the receiver will 

attain tbe sulphuric acid, antimony, ni'scnic and also a 
n of the iron and zinc For the analyaia of these 

ifasltttices refer to page 172. 
The bulb-tube will contain the chlorides of lead, silver, 

Opper and the non-voUlilized {lortions of iron tuid zinc, 
e separation of these substancea will easily follow from 
I numerous examples and their treatment, which have 

bvady been given. Tlie course of analysis is briefly in- 
B follows : Dissolve the contents of the bulb in 

ilute hydrochloric acid i the greater portion of the lead 

^11 separate as chloride and dissolve again by repealodly 

Diling with water. The insoluble portion is silver chloride 
idganguc* After concentrating the solution precipitate 
e lead with dilute sulphuric acid, and the copper in the 

ttrate with hydrogen sulphide gad (p. 50). 
The filtrate, as heretotbre, must be boiled and nitric 

tid added to osidizo the iron, which is then separated 
oc by sodium acetate. The zinc in the filtrate 

I determined as sulphide. 

I If the decomposition of gulenite is effected by strong 

atric acid, a large portion of the lead will separate as sul- 
lis may be dissolvcil and aeparuted from the 



* Generally the silver ia determined by refining (see betow). 
e the gangiie in presence of silver chloride, ignile the 
9 a stream of hydrogen, whereby metallic silver and a 
d of silver and silica ure produced. The silver will be 
trfiictly dissolved when the residue is wajiued with dilute 
(trie acid. The siliea and gangue separate fully when the 
quid is evaporateil upon a. water-buth. The aiiueoua solution 
f the residue maybe emjiloyeil for the CBtimation of the silver. 




gnnjnia I17 Pi>>pmli>il Imiling irii 
IliK iill.Hc upmI juilutinn nutj be 
Mil|>liiir)R aci' 

Iniul (p. tO). In tliiit 

|llllll« xikI oilil 

Itii^t iiiil|iliiiU! ilinwilvcs completelf. The 
ia wirlKlinil and the liiffert^ttor, in the two' 
n»U> t.lio ninimnt of It^oiJ lulpliUe. 

Till otiwtr mirialji will bf fnand in tiie 
li-oil ■itl[iliAtr, nnrl mnj be lepiUBt^ acmrfog ta 
Mlfnuil]> i)(!WTili«i|. 

f )ri|lrinHly, in Clir unnlyii* of giUeaiie, the 
linn fiT III*' l>-tt'l Atiil niUnr in all that i» wigked, 
Ihn riillitwinK tHt'ltimla are almoet esclBaivelr nen 

!{.t ifnn*. iiC tim pulv^rkoil ore are niixMi m a w i n u g hl - 
irnn cnii-ililn witLi I'mm 2 to 3 umes the qoaotitT of wd*. 
Ilifi muM nivnrcil with a layer ot' boras ami tbe crDcaik 
[rliH!i«| sillier in thR hut muffle ot' an xsan (iiniaM or 
fllfMPtly In the i-nkii lirt; of a wind oven. Wltea Uw cod* 
Iftrrti (if tlin cnu-iliU linvc bvuome liqniil, the 
nnt (tItiMiTt, (uiiiiiini; a dupreMion in the lemposinre, and 
tlin nnii-iliU la all(Hvi>il to rnniaio for ten miontes in the 
nrn, wlilnli, hnwHVKr, in tl^pi^ndiinL ugion the fusibility cf 
till' liiifl inlRturrM norituincd in the ore. When the liqnid 
niiiwi la nil lori|{"r (lixturbc-d by gas bubbles, Itfl the crv- 
rlliln criit nf ilio nvcD, unitv the lead globules by taj^ing 
ii|imi the crucible, pour out first the sLig and then ths 
)|(|iild IbiuI ihut hiM collected on the crucible botttHo 
iiidltillli; gliibiilt!. With D certain amount of practice ona 
i:uii KKin iic(|uir(i the iirt of pouring out the lea<l perfectljr 
hm fniMi n1u{(, and obtain a regiihw which can be inuno- 
dliitvly wtiighiid. When stag is mixed with the lead, 
rcmtivc ir. by hrrnking up [lie rcgulus and weigh the lead 
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Th« Twlnced lend contains the entire quanlily of silver* 
•esenl in the ore. To delemiine this. i\m leud mu^l be 
ipelled, that is, conTerted by oxidizing ignition into lead 
Eid«. To HCeompliHli this the lead is plaeed in a jire- 
Soaslj ignited cupel, and lliie then scl in a glowing muffle, 
soon 88 the lead is melted, by a partiul 0{>ening of tbo 
tught the heni must l>e so regulated that the tuisay does 
, become too hot, which would cause a partial oxidation 
pf the silver, which would llien be absorbed by the cupel, 
pgetlier with the leatl oxide. Again, when the tempera- 
sinks loo low, the assay will become rigid (Ireete). 
fflien the latter occurs, it is exceedingly difficult to bring 
e asttay into propulsion. 

The point when all the lend has been expelled is easily 
cognized ; the smooth color of silver appears u))on the 
Betallic globules where thin coverings of lead oxide hud 
Ben. The hot cupel is then taken from (he muffle, and 
le globule of gilver, while still hot, \s stnoothe^I over with 
small steel anvil t« free it from adhering lead oxide. 
When gold is ]>resent in galonit«, it will be discovered 
I the silver globule. The silver is cliseolved in dilute 
Itric acid, in a weighed porcelain crucible, the residual 
old thoroughly washed by decantntion with hot water 
this can be executed without the slighleat loss whatever), 
:lit determined after sliglit iguition. 



Oompotiti'on. — Lead molybilale. 
The mineral is readily dccDm]Miscd hy fusion witli 
Bixlure of equal jiarts of sodium carbonate and sulphu 



e tlic silver in ores poor in leat 
lead oxidu not cuiitainiiig any silver, uiij rudiit 
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The procoilure is ihe same ive given at |>agu 55, the fin^' 
tnnsa being extracted with water. The moljbdenum 
exists as Hudium- molybdenum sulphide in the solation, 
and may he separated from the latter as sulphide by the 
addilioa of hydrochtoric acid to it. The decompoaition 
is beet eHected at a boiling heat, this being mainlaineil 
until all the hydrogen aul|)hide is removed. The molyb- 
denum sulphide is triiusferred to a filter weighed at 120° 
C, waalied with hot water, and an aliquot part of the pre- 
cipitate dried at the same temperature and ignited i 
stivam of hydrogen. The residue ia MoS,. 

Tlie residual lead sulphide is weighed as such, alter 
having been perfectly washed with water containing hy- 
drogen sulphide (p. 2(i). 



Pyromorphite . 

GltEKN ASH liRUWN LeAU ObE. 



Compotition Lead phosphate and chloride, sometimes 

with the sulphate and arsenate and calcium fluoride. 

To determine the lead oxide, calcium oxide, phosphor 
acid, and arsenic a<;id, the finely pulverized m.iDeral is A 
gested with nitric acid until it all has passed into eolution, 
when the li<|uid is evaporated to dryness on a water-b 
with addition of hydrochloric acid. As Hie nitric acid will 
counteract the precipitation of the araenic acid by hydro- 
gen sulphide, the residue is again moistened with strong^ 
hydrochloric acid, the evaporation repealed, and solul 
finally effected by hydrochloric acid. Atler pouring off 
the supernalant liquid, the separated lead cldoride is dis- 
solved by successive washings with water, and a stream of 
hydrogen sulphide couducted through the liquid which 
bail previously been reduced by sulphurous acid. The ( 
precipitate, sulphides of arsenic and lead, is dif^tcd 
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with ammonium sulphide, the insoluble lead sulphide 
ignited in a stream of hydrogen, and the arsenic tersulphide 
reprecipitated from its solution upon the addition of dilute 
hydrochloric acid. The sulphide is converted into ammon- 
magnesium arseniate and determined (p. 69). 

Sulphuric acid is added to the filtrate from the above 
sulphides, the solution evaporated, and the calcium deter- 
mined as sulphate (p. 29). 

Neutralize the filtrate with ammonium hydrate and pre- 
cipitate the phosphoric acid by adding magnesium chlo- 
ride (p. 25). In the presence of sulphuric acid, some of 
it is likely to contaminate the magnesium precipitate ; it 
is, therefore, necessary to redissolve the imperfectly washed 
precipitate in hydrochloric acid and reprecipitate by addi- 
tion of ammonium hydrate and some more magnesium 
chloride solution. 

Proceed in determining the chlorine as directed (p. 117). 
The sulphuric acid is precipitated by barium chloride 
(p. 15) in the nitric acid solution, after the excess of the 
latter acid has been evaporated. 

The determination of the fluorine in the presence of 
phosphoric acid, lead, etc., is accompanied by many diffi- 
culties and cannot be accurately estimated, and must 
therefore be calculated by difference. 



Lead Matte. 

Composition,. — Lead, copper, iron (silver, antimony, 
nickel, zinc), sulphur. 

The finely pulverized substance can be decomposed by 
chlorine gas, and the analysis indeed conducted through- 
out similarly to that described on page 170. 
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Red Lead. 

Composition, — Besides the lead tetroxide, the commer- 
cial red lead contains generally small quantities of arsenic, 
antimony, copper, silver, iron, zinc, calcium, silicic acid 
and carbon dioxide. 

If, in the production of red lead, the lead oxide has 
not been perfectly oxidized, there is formed a mixture of 
lead tetroxide and oxide. The quantity of the latter may 
be determined by digesting the finely pulverized substance 
dried at 100° C, with a solution of neutral lead acetate, 
in which the oxide is easily soluble. The insoluble tetrox- 
ide is transferred to a weighed filter and dried at 100*^ C, 
until the weight becomes constant. 

The impurities occurring in red lead are determined by 
dissolving the substance, dried at 100° C, in dilute hydro- 
chloric acid. Should lead chloride perchance separate out, 
it may again be dissolved by treating it repeatedly with 
hot water. Any silver chloride or silicic acid* present 
remains undissolved. Filter, and evaporate the filtrate 
with addition of sulphuric acid to determine the lead 
(p. 49). 

The arsenic, antimony, and copper are precipitated by 
hydrogen sulphide in the filtrate from the lead sulphate. 
The first two are separated with sodium sulphide and 
determined as directed on page 165. After washing the 
insoluble copper sulphide with water containing hydrogen 
sulphide, ignite and weigh it. 

For the estimation of silver in red lead take at least 25 
grms. and form a lead regulus by fusing the substance 
with soda and borax. The silver will remain in the cupel 
after the expulsion of the lead (p. 186). 



* Silver eliloride aud silicic acid are separated according to 
page 185. 
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Iron, zinc and calcium are determined as usual in 
the filtrate from the precipitate produced by hydrogen 
sulphide. 

Ascertain the quantity of carbon dioxide according to 
page 33. Sulphuric acid must be used to decompose the 
lead tetroxide, because hydrochloric acid would form with 
it free chlonne and lead chloride. 



Cinnabar. 

Composition, — Mercury sulphide, ferric and manganic 
oxides (copper), calcium oxide and alumina. 

Sulphur Determination It may be oxidized to sul- 
phuric acid by treating the finely pulverized substance 
with aqua regia, or nitric acid and potassium chlorate 
(p. 133), or even with bromine in a hydrochloric acid 
solution (p. 156). 

Another method is based upon the oxidation of the sul- 
phur by chlorine in presence of a caustic alkali (sodium 
or potassium). Suspend the pulverized substance in dilute 
potassium or sodium hydrate, and while applying heat 
continue the introduction of chlorine into the liquid until 
the red color of cinnabar has been changed to the red- 
brown of mercuric oxide; or until the oxide has been 
fully converted into the white chloride. After acidifying 
the solution with hydrochloric acid, precipitate the sul- 
phuric acid as usual (p. 15). 

Determination of the Mercury and remaining Oxides. 
— A solution of the substance in aqua regia is evaporated 
with addition of hydrochloric acid to dryness upon a water- 
bath. The hydrochloric acid solution of the residue is 
boiled with sulphurous acid to reduce ferric to ferrous 
oxide, and the mercury then precipitated by hydrogen 
sulphide. 



* Thn n 




Thd mrrciiric Rii1j»1iide (I^) 

OripOtit 100°C., wMtiedwilb w»ler.i 

li-iii]N!mlur<! iiiiltl (lie wi'i^t bmnne 

Itiit nieruiiriR Bulphiile is inTkriaUj- nxcd wish lalpknr 

wlimi Urn i^tluctinn with gnlphinvas arid ka» hem oaiOed 
■IT liii)M!rl<u:ll]r iiicciiKd. To remore tlus iaporiij pair 
(■iiHjihi illHul|ilii(lo from time lo time orer the dried |V»- 
iii|iitiUn until h drop uf ib« filtntte eT^aponU«d opw a 
wittuh-i^luHi dm-f not leave a reeidne of ^pimr. Wbca 
tliii i|uiiiility of flulphur is lar^, it is belter lo dMsolvB it 
In wjinii Noiliuiii Hulpliite. Spread out tbe filter upon a 
llliMa {iliitc, whnIi Ihi'. prt-cipitate into a porrcclaiD dish, and 
ttii'ii tllKvtt it witli sodium eu1]ihil«. After drying the 
lllliir, iL)[ikiii TdH il aii<l filler off the mercuric solpkide, 
wliluli I" wnfilii.li) with mild water and then dried. 

'I'liU iiiKllioil Is not appliciible in the pn^mee of cAppri, 
liiit-iiirMi tliR Hitl[ihide of the latter is with diffictdt; s«|ia- 
rali'il IVum lliiit of murcury. In this case mii the hjrdro- 
ohliii'ln niilil Moliitlon with an esceaa of phosphorous aci^ 
wlililli will rnilnou mercuric chloride to insoluble mercnraiu 
oIiIdi'IiIo (Hh,("I,). After standing twelve hours in a 
ttui'li'mtuly wurin j>Ia('R, bring the precipitate upon a filler 
drlnd Hi KW" C. i wiisli with hot water, and dry at the 
tilniyii ti^inpTutura lirtlil constant weight is obtained. 

'rim ODpiMir in determined as sulphide in the filtrate 
(p. ft.)). 

'I'lii' llltmto from the lutlcr contains yet the remuninj 
OSldoii, til'! NUiHirullon of wliich has already been given on 
Iimto7l. 

ir Ihn <>stimiitiiin of mercury in any of its ores is all 
(hut U ili'iilrable, this may be easily aceompliehed by pro- 
(illdtAting it in nintallio form by means of stnnnous chlo- 
ride. With llic bydmchloric acid eolulion absolutely fn« 
fnim nitric aoUl, mix a clear solution of stannous chlorido 
(obtained bydiaaolvingtin in hydrocliloric acidj in cxcesSi 
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and heat to boiling. By this process we have the mercuric 
chloride perfectly reduced to the metallic state, and stan- 
nic chloride produced at the same time. When the pre- 
cipitate has perfectly subsided, decant the clear supernatant 
liquid, and unite the globules to one mass, which is very 
easily done by again heating the residue with some stan- 
nous chloride and a few drops of hydrochloric acid. Wash 
the mercury by decantation at first with water containing 
hydrochloric acid, and finally with pure water, then trans- 
fer it to a tared porcelain crucible. The greater portion 
of the water adhering to the metal may be removed with 
filter paper. The crucible is, however, placed in a desic- 
cator containing sulphuric acid, and the weight of the 
perfectly dried metal determined. 

When cinnabar contains considerable quantities of other 
metallic compounds, it is by far advisable to effect its de- 
composition in a stream of chlorine gas, thus causing the 
volatilization of the mercury as chloride, and determining 
it in the receiver. 



Molybdenite. 

Composition, — Molybdenum sulphide. 

The mineral is decomposed precisely as lead molybdate, 
viz., by fusion with sodium carbonate and sulphur. Hy- 
drochloric acid will precipitate the molybdenum sulphide 
from the aqueous extract of the fused mass. Determine 
it according to page 188. 

When other metals are mixed with the molybdenite, 
they remain as sulphides upon dissolving the fused mass 
in water. 

Always estimate the sulphur in a second portion of the 
substance, fusing it with a mixture of sodium carbonate 
and potassium chlorate (p. 157). 
17 



SMIJTUINITE. 



Bismuthinite. 



Composition — Bismuth (copper, lead, gold, tellurium, 
arfietiic, iron, cobiilt, nickel), eulpliur. 

Digesting witli concentrated nitric acid wilt perfectly 
decompose the mineral, and when an insoluble residue 
remains, fuse it with potassium hydrosulphate. After' 
driving oH' the excesB of nitric acid upon a water-bath, 
mix hydroehlorie acid with the solution, and upon diluting 
this with a large quantity of water, biemiitli oxychlnrlde 
will separate out, and thie may he eonvertt'd into raelaH'Mt 
bismuth by pursuing the course given on page 56, 

The jiltrate contains the other oxides. To estimate 
the tellurium, evaporate tlie nitric acid, dissolve the pest- 
due in dilute hydror.liloric acid, and separate the telluriui 
as metal by heating its solution with sulphurous acid c 
potiissium hydrosulphite. If the solution was dJIuic, ofi 
very small quantities of tellurium wore present, to rendei 
the precipitation complete, the liquid should be allowed t< 
stand for several days in a warm place. The separated 
tellurium is washed by decantation with sulphurous acidg 
and dried ujion a filter dried at 100° C, until the wdghf 
is perfeelly constant. 

When gold is present in the bismutli ore, it is simuItB>> 
neously separated with the tellurium. The weighed ppft« 
cipitate is treated with nitric acid, which will cause tiiv 
solution of the telluriuni, leaving the gold. Or both metall 
are dissolved in aqua regia, the nitric acid removed hy 
evaporation, and tlie liydroehtoric acid solution of tlu 
residue reduced by a concentrated solution of ferrotis sol 
phale, which will throw down metallic gold. 

Tlie separation of the remaining oxides from teUurtuq 
in the gold filtrate may he found in what precedes. 



UBANINITE 



UrELninite. 

PlTCB-BLENDE. 

Compoiition. — Uranium protoseBquJoxide, with varinblu 
quantitieB of lead, copper, bismuth, areenic, antimony, 
■ulphur, snleninm, vanadium, iron, mnaganese, cobalt, 
nickel, Einc, calcium, magnesia, sodium, carbon dioxide, 
ilicie acid and water. 

It has been recommended, when selenium occurs in 
bis mineral, to determine it hj heating the finely pow- 
-dered BubstHOce in a current of chlorine (p. 170), causing 
.Ihe volatilization of the cbloridea of bismuth, arsenic, anti- 
mony, sulphur and iron, and all the selenium. When the 
'decomposition is complete, the liquid contained in tlie 
r ia warmed gently on the water-bath to expel the 
cldorine, and the selenium precipitated in metallic form 
))y reducing the solution with sulphurous aeid or potassium 
bydrosulphitc. The course of procedure ia analogous to 
that followed in the determination of tellurium in the pre- 
ceding example (p. 194). 

The vanadium, too, may be best determined in a acpa- 
j»te portion of substance. Fuse the powdered substance 
In a silver crucible about an hour with itn equal weight of 
jKitaHSluin nitrate, and lixiviate with water, which will 
dissolve all the vanadium as potassium vanadate. After 
neutralizing this liquid with nitric acid the vanndium is 
precipitated by the addition of ammonium chloride 
(p. 175). 

The remaining oxides are determined by digesting the 
powdered substance with nitric acid. If a residue re- 
mains, this is decomposed by heating it with a mixture of 
Aitric and sulphuric acids and filtering off the silicic acid. 
Wlien the excess of acid has been driven away, reduce 
the arsenic Ui arsenious acid, and precipitate with hydro- 



gen sulphide tLc metala tlirown ilown by Ibis reagent. 
Arsenic and antimony (selenium) are BC]>araiteil by treat- 
ing their ButpbiJes with ammonium sulphide, or, when 
copper is present, with aodhim sulphide. The sulpbidei 
not soluble in ammunium sulphide tire dissolved in nitriu 
acid, and lead and bismuth separated according to the 
method given on page 55. The filtrate from the bismuth 
contains the copper nhich is determined as sulphide (p. 
50). 

The filtrate from the hydrogen sulphide precipitate 
neulralize with ummonlnm hydrnte, carbonate and sul- 
phide, adding the first in eiceas to prevent the precipi- 
tation of uranium by the last. Since, however, when 
considerable quantities of iron, cobalt, etc., are present, a 
portion of the uranium Is likely to renukin with their 
sulphides, dissolve the latter in hydrochloric acid, with 
addition of nitric aiud, and precipitate ferric and uraniu 
oxides (with small (]uantities of cobalt and nickel) by 
ammonium hydrate. It is necessary to redissolve the 
precipitate in hydrochloric acid and repeat the precipita- 
tion to get rid of the co-precipitated oxides. To sop&rale 
the iron from the uranium, ignite the dried residue in 
a stream of hydrogen, thus reducing the iron to metal 
and uranium scsquioside to protoxide. I>ilute lijtlro- 
cblorio acid now adJed to the residue will perfectly dis- 
solve the iron. The uranium oside (UO) is re-ignitttd in 
a current of hydrogen and weighed. 

The principal quantity of ui-anium will be discovered 
in the nmmonium sulphide solution filtered from the sul* 
pbides. K any nickel has been dissolved, the liquid will 
possess a brown color. The addition of a few drops of 
mercurous nitrate to it will clear the solution (p. 16G)< 
Acidulate the liquid with hydruchlorlc acid, expel thft 
hydrogen sulphide, and precipitate the unmium in tl 
filtrate with nitric acid. The hydrated unmie oside Ih' 
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rflhtRineil is cliangod hy ignition in a current of hydrogen 
to urunouH oxiilu. 

Tilt! uobult, nickel, xinc, mnnganese and culeium are 
Bopantled, according to page 104, in the filtrate from tlie 
ron- uranium precipitate. 

The allialine earllia and alkalies are in part contained 
in the filtrate from the uranium precipitnle, but tlio 
greater portion of the caluluni will be found in tliat fi-om 
the iron-uraniiim precipitate. 

The carbon dioxide and sulphur are determined in 
Beparute portions, the firat uccortling to page 33, and the 
sulphur aller [lagc 133. 

If upon the addition of hydrochloric acid to the mine- 
ral Iiydrogen sulphide he disengaged, the method of esli- 
nating the carbon dioxide must be aomewhat modided. 
(See the analysis of Soda.) 



Wolframite. 

Compotitiun Tungatic acid, ft'rrous oxide, manganoiis 

oxide (calcium oxide and magueHia). 

The mineral is only with difficully decomposed by acids, 
but this ie readily remedied by fusing it with four times 
« weight of potassium or sodium carbonate. The aqueoua 
extract of the fused ma-ts will contain all the wolfram as 
eaium (sodium) lungstate. The oxides of iron and 
manganese remain undissolved. After wasliing tbey are 
dissolved in hydrochloric acid, and separated as hereto- 
fore directed (p. 71). 

The tungstic acid may be precipitated as such from an 
Idkiiline solution, or as tungstute of mercurous oxide. 

To separate the acid as such from an alkaline solution, 
BQperaat urate the latter with liydrnchloric aeid, evaporate 
to dryness u]ioii a watcr-balh. and heat 



1 
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KCnKSLITK. 



ftmt time nt nbuut ]2()° C. IV alkaUBC ehhriiw 
(IJBerilvcil in water, hjilrorbkiTK acid bci»g «Me^ tat 
tlie iniwliilile tungntic acid lictng filtc(«d off, ■inhnl wilb 
wHter eonlaining hydrorhlorir acid, and ilira ignited vilh 
nir neati*. 'To avoid mit redudioa cf the acid t^ ike 
mrlKin of tli« filler, obtain the tatter as (iv« as pos^iUe 
l'ri>m tliR pn^njiitate, and alW moistening it with a fn 
ilni|i> <if uniniunJuin nitrate and drying, incioeraic it npnn 
u |iUlinum wire. K the lunatic arid is Dot pare jrlloir 
ill color, it is mi>isi«ned with « few drops of nitric acid, 
Hnd tlie ignition in an open tube repeated. 

Til (leiemiine tlic lungiitic acid as tungslaie of meromw 
oxiilis niiutralixe tlie liquid with dilute nitric ucid tu slight 
uclil rc-mition, ilrive oat the abmirbed carbon dioxide tij 
lii-ul, anil Hild tluin a sufficient quantity of mercuroug ni- 
tnilo. Ammonium hy<1rat« is now added, drop by drop, 
until lliit }>n!ci|iilate aKsumea a brown color, and it hat 
■iiIikuUh! ; lilliT nnd wash it perfectly with water conlainiDg 
Hien'urous nitrate. After ignition with access of air, Ibe 
rnaiiluu i* tungMtic acid (WO,). 



Soheelite. 

(htnpoiition. — (.'alciuni tiin^tule, frequently also anuU 
quunUtiKM ol' niikgnesia and cupric oxide. 

Rohwllls is cwnpletely decomposed either by hydro- 
alUoHc or nitric acid. The solution is evajiorated to Aij- 
nut>, tlici rwtidue licalcd to 120° C, hhiI hydrochloric acid 
puumd over it. The insoluble tungslic acid is determined 
lui in the preceding example. 

In the filtrate from Hie tvhovc llic calcium and tui^ie- 
Slum am cKlimuted in the usual manner, 

TliP niprii'. oxide may be precipitated by liydi 




Reflned (Soft) Lead. 

Composition — Leail, with small quantities of silver, 
pper, bismuth, Antimony (arsenic), cadmium, iron, zinc, 
tkel (cobalt, manganes*!). 

Take for tlie analysis 200—500 grms. of l&id, according 
its purity, 300 grms. usually being sufficient. AtYcr 
Baniiig the leaU, Iiutnmer it out, upon a steel anvil, into 
'tiiin plate of 0.05 Cm. thickness, and divide it into 
:eB of about 2 or 3 Cm. length. These are introduced 
> a fiask, and 2d0 C. C. of concentrated nitric acid of 
gr. 1.4 poured over them, and the whole diluted with 
K)or600 C. C. distilled water. The sohition willbecon- 
lentbly hastened by warming the flask and its contents 
ion a water- or sand-bath. When the evolution of the 
» IB too violent, remove the flask for a short time; not 
Bg enough, however, to cool the liquid sufliciently to 
nse the separation of lead nitrate. 

The solution is generally complete and perfectly clear 
ter three hours, providing the quantity of antimony in 
e lead does not exceed .02 or .OS per cent. When lead 
ttimoniale separates from the solution, filter the liquid 
wash the residue completely with water. Mention will 
ireafter be made for the further treatment of the residue. 
e nitric acid solution is brought into a 2 litre fitisk, 
ivided with a murk, and 170 C. C. dilute sulphuric acid 
part concentrated H,SO, and 2 parts water) added, 
fcich will produce a precipitation of the lead sulphate. 
l3d water to the mark. Shake the flsisk well and allow 
p precipitate to subside, then remove the principiU por- 
jn of the supernatant liquid with a siphon filled with 
fe same liquid, without carrying away any lead su][ihate, 
[fiO 0. C. of the clear liquid are eva[ioraled to dryness, 
id the residue i^ileil, until white vapors of sulphuric 
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t eoctium hntimoniate firal with watL'r and tlieti with 
koboU Dissolve the residue in hydrochloric and tartaric 
Is, and precipitate (he antimooy with hydrogen buI- 
bide. 
The filtrate from the sodium antimonjate contains so- 
e and some antimony. Expel the alcohol 
rid acidify the solution witli dilute sulphuric acid, eva[>o- 

EJng the nitric acid and precipitating the arsenic and 
timony with hydrogen sulphide. (See above.) Pour 
er the waalied sulphides on the filter a cold, concentrated 
I carbonate solution, dissolving by this means 
: tcrsulphide, and leaving the antimony. For 
Qte complete removal of the arsenic, repeat the operation 
leveral times, employing small quantities of an ammonium 
partionale solution. The addition of hydrochloric acid to 
Die filtrate will reprecipitate the arsenic After driving 
^way the carhon dioxide by the application of heat, add 
I hydrogen sulphide, bring the precipitate upon a 
neighed filter, and dry it at 100° C. 

The two precipitates of antimony tersulphide are filtered 
ind washed. Frescnius suggests that in this case the fil- 
tering be done through a small glass tube, drawn out at 
i lower end, and above the contraction fitted loosely 
irith asbestos. The tube is dried and then weighed. 
Vfhen the antimony sulphide has been washed, and the 
|nbe dried, a stream of carbon dioxide is conducted through 
It, the antimony being heated until it becumeB black, when 
e carbon dioxide is replaced by air and the tube again 
weighed. 

Or, the antimony sulphide is transferred to a soiidl fil- 
er, washed with wat«r containing hydrogen sulphide and 
tinmonium nitnite, and tkuu a small quantity of a warm, 
Wnmonium sulphide solution poured over it. This liquid is 
iQuwed lo flow inlo a weighed poi-celain crucible, the filter 
J with water and the solution then evaporated upon 
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n waler-balh. Bj- iligi^ling ihe resii]iuil unrimonysnlj^flH 
witb nitric acid, it is readily eonverMd into AntitDoniiiie I 
of antimonie oxide. (See p. 53.) I 

The results prove fuUy »a iiccurate if the leiBuljiLide rf I 
anliniony is determined toIu metrically (p. 179). 1 

Instead of separating arsenic and aDtimony according I 
to the alMve-mentioned method, their sulphides may be I 
dissolved in hydrochloric acid with addition of potassluni 
chlorate, and the arsenic acid, then precipitated after lliC 
addition of tartaric acid, as ammonium magnesia arscniate 
(p. 69). The antimony in the fillralc is thrown down 
with hydrogen sulphide, and determined as above- 

The copper, cadmium, etc., sulphides, insoluble in p^ 
lAssium sulphide, arc dissolved in dilute nitric acid (1 
part UNO,, sp. gr. 1.2, and 2 parts n,0), and the solntion 
then evaporated with dilute sulphuric acid, until the white 
vapors of the latter appear. If any lead sulphate remuBf 
ujfon treating llie residue with water, filler it off and 
wash it with water containing salphuric acid. 

For the separation of Ihe bismuth Irom the other metitls, 
neutralize the liquid with sodium carbonate— the solution 
'must, however, react acid — add some potassium cyanid«, 
and heat gently upon a wat«r-bath. Wash the potassiuin 
bismuth cyanide, and dissolve it in nitric acid, prccipi' 
tating the bismuth ue carbonate. For this purpose mji 
the solution with a slight excess of ammonium carbonate, 
aud heat it for some time to boiling. The bismuth car- 
bonate is filtered, washed and ignited. ITie residue is 
bismuth oside {Bi,0,). 

To the filtrate from the potassium bismuth cyanide add 
more potassium cyanide to prevent the precipitation of tlie 
copper, and mix in sodium or potassium sulphide. The 
precipitate of silver and cadmium sulphide is washed per- 
fectly witli water, and then dissolved in dilut« nitric aoid. 
On the addition of a. few drojis of hydrochloric acid to the 
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aid, the silver will be completely precipitated (p. 47).* 
ncentrate the liltrale and precipitate the cadmium aa 
rbonate (p. 64). 

The copper is preaent in the filtrate from the silver and 
idinium aulphiiles. This is slightly ocidilied with Lydro- 
idoric acid, liented until the odor of hydrocyanic acid lias 
.ppeared, and the copper then precipitated hy hydrogen 
(Ipbide (p. Hi). 

The original Hltrate from the hydrogen sulpliide pre- 
pitate, containing zinc, iron, elc, is mixed with ammo- 
nm hydrate and sulphide, and the eulpliidea obtained 
itered off. Should any nickel sulphide pass into solution, 
hieh is most generally the case, separate it again by the 
Ethod described on page 166. 

'Sy treating the sulphides directly upon the filter with 
^drochloric acid and hydrogen sulphide water (see p. 
ifi), iron, zinc and manganese will be disaolved. The 
Sphides of nickel and cobalt constitute the residue. Osi- 
ue the solution with nitric acid, and separate the iron 
d isinc by repealed procipitatioa with ammonium hydnite 
, 109). The ferric oxide is ignited and weighed. 
Acidify the filtrate from the ferric oxide with acetic 
Cdd, and precipitate the zinc with hydrogen sulphiJu (p. 
^). After the solution has stood twenty-four hours, 
Iter off the precipitate and weigh it. 
Concentrate the filtrate from the zinc precipitate by 
'aporation, and mix it with ammonium liydrate and sul- 
bide. "When the manganese sulphide has stood twenty- 



The quantity of silviir ia moat accurati:1y ascertained by re- 
Inng 60 grms. of lead. For a gruvimctrip determination, dis- 
r^ 300 grms. of the lead in nitric acid, and dilute this solution 
ingly with water. Add lo this a few drops of dilute hydro- 
blorie acid, and fiher alter the precipitate of silver chloride liua 
illy Bubsideil. By ignition in a (current of hjdriw^cii giia, this 
I converted into iiii'tallic silver. 



four hours, filter it ofT and determine it as mentioned on 



pan 



1 21. 



The sulphides of nickel and cobalt, insoluble in dijole 
hydrochloric acid, are dissolved by it upon addition of a 
few drops of nitric acid, and the solution evaporated aliMst 
to dryness, and mixed wiih ammonium hydrate to distinct 
alkaline reaction. If tliis produces a slight precipitatioHi 
filter this, and in the filtrate throw down the cobalt BDJ 
nickel by boiling with sodium hydrate. (See p. iSfi.) 

In the calculation of the analysis, the space occupied bj^ 
the lead sulphalo must be regarded. 100 grms. lead con- 
verted in sulphate occupy 23 C. C, 200 grms. 46 C.C. 
Therefore, when calculating, the 1750 C. C. are not (a 
be referred to the 2000 C. C, but to 2000—46=1 954 C. C. 
or to 179.12 grms. soft lead. 

The analysis of " work lead" may be eimilarly esecoteil. 
10 or 15 grma. substance are sufficient for this poqio«. 
W>]en sulphur ia a constituent of the lead, it is detcrraiorf 
according to page 134. 

Hard Lead. 

In analyzing this substance the delerminntion of the an- 
timony is moat frequently required. The following method 
may therefore be used: Reduce the lead to a fine OMOf 
and fuse 2 grms. of it, in a porcelain crucible, with foul^ 
times its quantity of a mixture of sulphur and soda. Thfl 
fused mass ia boiled witli water, and when the residue hod 
subsided the supernatant liquid is poured into a flask ot 
250 C. C. capacity. After digesting the residue with 
dium or potassium sulphide, bring this liquid into ibi 
same receptacle and dilute up to the mark. 100 C Ci 
the sodium sulphide solution passed through a weighes 
liller arc precipitated with dilute sulphuric acid, and after 
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■siting and drying the prpi^ipitate it is Ireed from the 
i of sulphur by pouring carbon disulphide over it. 
^le Antimony sulphide is dissolved in strong hydrochloric 
bid with addition of tartaric acid, and sodium hydro- 
irbonate minted with it. Add alarcb-paste to the solu- 

I, and titnite it with an iodine solution. For the rest, 
B page 179. 

The metals occurring in Ilard Lead, which are not 
iasolved wiien the fiised mass is treated aa directed, are 
Btermined according to already known mctbods. Or, 
bother portion of the substance may be dissolved in 
itric acid, and the analysis executed similarly to tlial of 

),Lead. 

Antimony.* 

The investigation of metallic antimony may be made 
^rding to the method employed in the above analysis 
^ Hard Lead. After fusion with soda and sulphur, and 
eating the fused mass with water, the residue will con- 
iBt of the sulphides of lead, cadmium, copper, bismuth, 
ickel, manganese and zinc, whilst in the solution 

! antimony, tin and arsenic. These latter subslances 
lay be separated as directed in the method described on 
nee 66. 

' £slimate the sulphur after page 134. Use a mixture 
f hydrochloric and tartaric acids to efieet the decompoai- 



Zinc (Spelter). 

It contains between O.-'i and 2 per cent, lead ; also iron, 
tdroium, arsenic, and sometimes antimony, manganese, 
ipper, tin and sulphur. 



* The antimony in nntiinony slags is estimated as dirccled in 
onalyais of Ilanl Lend. 



A \i\t't'A* /if xirif?9 wtf^igliio]? from -^' lo 1(K* ^ebb. s 
|«<'»i<l<'<l liy tt |ila(ifium wire, in « rstLer Isr^ 
lo oiMf f</fif'lti iu volume; with dilate «ii%diiinr 
I)m' |i)<'«'<i </f /ItH! will \ttt iiijiii^TiM^ jibout «iMv^iaiir im ike 

ll<|Mi<l. A<W <1 Wilvirig a KufBcieot qamtznr 
lilhT Hm' li<|iii«l rapidly througL afold<^ fiber. 
Hiuliiii{/ it, Hy ihiH ffif^ariK a i$oliitioo cf jivre 
|(lifil<< itmy Ih! olitHitM^l; beaiii«e. a§ lon^ a 
jiirbt'iHi iioiM< of tho otli<;r metak wiU be disBolred bi nU 
jiliMiir iM'iil, Thi? impunti<^ will be partlj depoHled 
ii|f«fii IImi /itM', or rctiiHiii u\)on the filter. The ineohdife 
/iiir ib tVt'i'tl tVotii tint Hpongy deitosiU rinsed with water* 
tiiU'A uimI iv<'i(/lH*(l. 'V\ui jM^rtion of zinc in folntion is 
ti'\m'ttm\tu\ \iy iliii ijifli'n^nce iti the weight. 

Ulgi-al iltit »*p<»t>Ky <i(^p<>Mit ami the residue, upon the 
hllcr, iviili iiiiric im'.'hI, ami (^vaiiorate to drjnesB. Treat 
llii: ixseiihiti Willi ililulc^ nitric tu;i(l, when anjtin that maj 
in- pn:taiiiii will rcitiaiii iitMliHHolved as oxide, together with 
jinniMMiiii' luitlr* nilicu iind carbon. The filtered precipi- 
li»li: ita WHaliiMl wi*ll, iukI after the incineration of the 
lilhu, liieiMl in u nWwv crucible, with sodium hydrate. 
AidinMin^ uml (in iin^ Hcpuruted as directed on page 65. 
li III Hl^i»>b lii^Hli when Hi Ilea and carbon are present, to 
dt:li;rniinii (lii^ni in ii Hcpanitc portion of the substance, 
dibotilvud in nid'ic ncid. Tiic li(|uid is evaporated todry- 
ni:eci, and (Itti tKnidno waruiod with dilute hydrochloric 
uitid, li'uvinfi nndinnotvcd tlnu'ikrhon and silicic acid. De- 
Inniinc (lit^ rarlmn Uy burning; it in a current of oxygen 
yijib, und wi^ifiti (lid roHidiuil Hilicic acid in the porcelain 
houi. Tlin piu'il)^ (»f llic silicic acid thus obtained must 
tdwuyb bn ((imIimI. 

'rt'ciil tli4i tlllruti^ from lii<' oxid(r <yf tin with hydrogen 
hulpliidc, liiMklin^ it at tin* name tintc to about 70^ C, and 
the hulphidvs with |:otaHk(iuin sulphide. 
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The araenic atid antimony should nlwaya be Jeterminod 
I a separate portion of the substance (see below), Itecaiiae, 
. diBBolving the metal, they partially escape as hydrogen 
Dmpounds. 

The sulphides not soluble in potassium sulphide are 
Sssolved in nitric acid, and this solution evaporated to 
Irytiess, with addition of dilutt; sulphuric acid. The reai- 
s taken np with water and alcohol, and the lead sul- 
bate washed with dilute alcohol (p. 4!)). 

Expel the alcohol first from the hltrute from the lead 
■Iphate, then add ammonium and ammonium carbonate, 
nd after protracted heating, hlter off the cadmium car* 
). Tiie latter is again dissolved in hydrochloric 
eid, and the precipitation repeated. The ignited preeipi- 
cadmium oxide (p. fi-l). 
Precipitate the copper with hydrogen snl[ihide, after 
•ring acidulated the liquid with hydrochloric acid. 
To the filtrate from the copper sulphide, add ammonium 
mmonium sulphide, ae^iaraling the sulphides pro- 
pced OS in the analysis of Soil Lead. 
For the determination of the antimony and arsenic, dia- 
25 to 5U grms. of zinc in a<[ua regia, evaporating 
cceas of acid, and precipitating the metals as sul- 
hides. The process described on page 1G5 may be used 
1 their separation. When tin is present, it will occur 
"ith these, and the method of ae[iaration described on 

B 66 must then be employed. 
If the ainc, when treated with sulphuric acid, liberates 
^drogen sulphide, ascertained by conducting tbe gas 
jream into an alkaline solutioii of lead, the sulphur may 
B determined as in Ultramarine. 
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Black or Ra'w Copper. 

Vompotitiim. — Copper, iroo, lead, silrer, arsenic, anti- 
mouy, t>ismuth, sdiir. nickd, robali. calcium, m^nesiuni 
a nil sul{ibur. 

Dissolve &boDl 10 ^m^. of the i^liEliuicein dilntenitnG 
acid, and evaporate ilie solutiiHi to dryness, willi addition 
of dilute gulpliuric acid. Upon the residue pour «ufficitfiit 
water to dissolve the copper sulphate, then add ^cobol. 
When too much of the latter is present, crystals of «^p*f 
sulpliate sepumle out and ar* with difficulty rediKolvrf. 
It is, therefore, adviMtble to wash tlie insoluble le«d sul- 
phate at first with water containing sulphuric acid, and 
uae alcohol after almost all the sulphate has passed into 
the filtrate. Supersaturate the latter with hydrogen sul- 
phide, whilst the temperature of it is retained at aboii> 
70° C. Tlie arsenic and antimony are dissolved wherf 
the sulphides are digested with polaseium or sodium suM 
phide, and may be seimraled by already known method^ 
(p. 165). 

Dissolve the sulphides insduble in potassium sulphide 
in nitric acid, and evaporate the solution ta drynesSi 
Treat the residue with water and a few drops of hydro- 
chloric acid, which will dissolve the cojiper and bismuthi 
and leave the silver chloride. 

To determine the silver quantitatively, nse the solution 
of a larger quantity of copper, and proceed as given 
page 203. 

Jn the filtrate from the silver chloride, precipitate ttrt 
bismuth us oxycliloriiie (p. 58). 

The quantity of copper is found by difference. To de- 
termine it din-ctly, reduce tlie filtrate to a definite volumCi 
und priicipitute an aliquot part with hydrogen sulphide. 
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Neutralize the filtrate with ammoniiim liyilnite, iiml aJd 
aniDionium sulphide to effect the precipilalion of the ziuc, 
nickel, etc- Separate them as heretofore. 

The calcium and magneflium are in the ammonium 
sulptiide filtrate, anit for its further treatment to separate 
the metala see [lage 74. 

The snlphur may be cetimated by precipitating the 
nitric ncid solution of the stibelance with barium chloride, 
or, what ia decidedly preferable, according to the method 
given on page 134. In the latter inalance, fuming hydro- 
chloric acid is used to dissolve ihe copper- 



Hefined Copper. 

Composition Contains, besides the i 

I the preceding example (however in smaller quantities), 
cuprous oxide and cryetallized nickelous oxide. 
For the determination oj' the course copper constituents, 
Per to the preceding esumple. Estimate the cuprous 
Dxide by igniting a weighed jmrtion of the copper in a 
of hydn^n gas, causing by this means,a reduction 
metallic copper. The cuprous oxide may be easily de- 
termined from the loss in weigltt. This method, however, 
la only applicable when the metal does not contain any 
■Diphur, arsenic, or antimony. When free from the latter 
]ntaining sulpliur, the method may still be em- 
Iployed, if the substance is weighed off in a porcelain bout 
1 the latter placed in a tube of similar material. Con- 
it the one end of the tube with an hydi-ogen generator, 
1 the other with an absorption apparatus containing 
nnine dissolved in hydrochloric ncid (p. 134). After 
: decomposition is complete, estimate the sulphuriis 
kcid, and the quantity of sulphur correxponding to ibis 
is deducted fruni the toss in weight. 
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Another method, thai of Aubei, is based upon thp (wi 
tliat, upon the one hanil, cuprous oxide and sulplmric 
acid yield copper and copper sulphate, while copper and 
silver sulphate replace each otLer to silvttr and copper 

Cu,0 + H,SO. = Cu + CuSO, + H,0. 
Cu + Ag,SO. = CHSO,+ Ag,. 
216 parts of separated silver, therefore, correspond W U2 
parts cuprous oside. 

According to Aubel, 0.5 grra. finely filed eoppr is 
mixed with 2.G grms. silver sulphate aud In C. C. sul- 
phuric acid of 1.13 sp. gr. added. TLe whole is allowetl 
to stand eight Iioute in a warm place, and frequently 
stirred. Wlien the decoin[tosition is complete, wa*h the 
metallic silver, ignite and weigh. 

Tin. 



The most common impurities are copper, lead, bismatbi 
iron, zinc, arsenic and antimony. 

After oxi.di2ing the melal with dilute nitric acid, ao^ 
evaporating the excess of the latter, all the tin will remaiit 
as oxide. This, however, invariably contains weighablB- 
quantities of the other metals, particularly copper, lead' 
and antimony. By fusing the washed residue with sul- 
phur and soda (p. 5i), and lixiviating with water, till 
lirst two metals remain as sulphides. The tin and anti- 
mony are in solution. These are reprecipitated as sul- 
phides upon the addition of hydrocliloric acid to the solu- 
tion ; they are separated according to page 54. 

The sulphides not soluble in sodium sulphide are dis- 
solved in nitric acid aud added to the principal solution. 

The course of analysis follows from the preceding 
pies. 
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Bismuth. 

Composition. — Lead, silver, copper, arsenic, iron, co- 
balt, nickel and sulphur. 

A rather large quantity of the metal is dissolved in di- 
lute nitric acid, the excess of the latter evaporated, and 
the small quantity of silver present precipitated by hydro- 
chloric acid. Add enough of the latter so that upon sub- 
sequent dilution with water, bismuth oxy chloride will not 
be precipitated. 

In the filtrate determine the bismuth as on page 58. 

The filtrate contains the remaining bases, which are 
separated according to known methods. 



Silver. 

This generally contains traces of gold, lead, copper, an- 
timony and arsenic. 

To determine the quantity of gold present, dissolve 25 
to 50 grms. of the substance in dilute nitric acid, free 
from chlorine, and proceed as given in the analysis of 
Galenite on page 187. 



Cubical Nickel. 

Composition, — Copper, arsenic, antimony, iron, cobalt, 
sulphur (carbon) and silicic acid. 

For the method of analysis, refer to Nickel Matte, on 
page 164. 



OAST laON. 



Cast Iron. 
Steel. 

In making a. complete analysis of the same, we have tOe 
consider: iron, manganese, copper, tine, cobalt, nickel, 
cliroinium, aluminum, titanium, antimony, arsenic, cal- 
cium, magiicaium, siliua, phosphorus, sulphur, carbon, 
the latter partly chemically united find partly present ai 
graphite. 

Ettimation of Iron, Manganese, Aluminum, Zinc, Qj- 
ball. Nickel, Chromium, Titanium, Calcium, Magneiivm-, 
artd i^licon. — About 10 grms. of iron dust or borings ara 
placed in a large platinum or a good porcelain dish, dith 
solved in hydrochloric acid, and the solution evaporated 
to dryness upon a water-bath. Moisten the residue with 
hydrochloric acid, add water and filter oft" the iosolubls 
portion. The residue contains, besides the silica, the 
graphite present in the iron, iron phosphate, iron tilanite, 
chromic and carburetted iron. Dry the precipitate, ignite 
it, together with the Alter, in « porcelain crucible, and 
fuse it with an equal weight of a mixture of equal part; 
soda and saltpetre.* 

Remove tlie residue from the crucible with water.fdis. 
solve it in hydrochloric acid, and separate the silicic acid 
by evaporating the liquid to dryness. (See p. 143.) Dia- 
solve the residue in dilute hydrochloric acid, filter off the 
silica, and add the filtrate to the principal solution, this 



• Iron smraples, which do not contain any graphite (Spiegel- 
eisen), and when dissolved leave a v(!ry sliglitly colored reaiduo, 
may bti fused with potassium hydroHulphate. 

f If the fused mass is treated directly with hydrochloric acid 
in the platinum crucible, there can (as potaasium nitrite 
generally pn'sent in the residue) eonsidepahle quantities oT 
platinum chloride be dissolved. 
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l>eing then redneed to a definite voluijie (about 500 C. C). 
ExHjnine th<i ^ilirit for tiianiu ncid (|i. 1*25). 

The hydrochlorie ttcid eolution not only contains the 

met^s, but also the Biliuiu and titanic acid thitt remain. 

The estimation of the latler may he united with that of 

aluminum and chromium. For tliis purpose an aliquot 

portion (al>out 200 C. C.) of the Rolulion is oxidized with 

nitric acid or potassium chlorate ami precipitated with 

ammonium hydrate (best in a platinum or porcelain dish). 

Heat the liiiuid until the odor of ammonia is only faintly 

perceptible. Filler otT the precipitate (containing ferric 

oxide, alumina, chromium, ellicic, phoc^phoric and titanic 

lids), and fuse it in a platinum crucible with potassium 

fdroaulphute. Lixiviate the fused masa with cold water, 

tering off the silicic acid, and separating the titanic acid 

cording to the method described on page 135. 

To separate the ferric oxide from aluminum and 

troniium, mix the filtrate from the titanic acid with sul- 

;ient tartaric acid, so that, upon the addition of ammo- 

ium hydrate to alkaline reaction to the solution, no pre- 

pitate is produced; then throw down the iiMn in a closed 

ammonium sulphide. The iron sulphide is not 

[tered until the supernatant liquid appears of a j>ure yel- 

Vr color. The filtrate coutains the aluminum, chnimium 

id any phosphoric acid that may be present. Evaporate 

is to dryness, adding sodium carbonate and potassium 

l!lorat«, and ignite the residue to oxidize the carbon, 

ith addition of ammonium sulphate or nitrate. (See p. 

16.) Dissolve the residue in hydrochloric acid, and add 

dium carbonate to precipitate the oxides ol' aluminum 

id chromium (together with phosphoric acid). By add- 

g enongli bramine water to the liquid, and warming, 

lie acid will pjuis into solution, and may be dcter- 

lh)«d as barium chromate according to the method given 

page 89. 
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The aluminum precipitate conUina the phosphoric Bcid. 
Wash well with hot water, ignite and wi^igh. Dissolva 
the residue in nitric tteid, preci|iit>tting the phosphorio 
acid with ammonium molybdate (p. 26), and deductiog 
its amount from the first precipitate. 

To determine the mung&neae and zinc, oxidize an aliqoot 
portion of the hydrochloric acid solution (about 2a0 C.C.) 
with nitric acid or potassium clilorate, and separRte the 
ferric oxide and alumimmn from manganese and zinc, tAet 
pi-evious addition of an excess of aluminum chloride, hj- 
means of ammonium Ijydrate and carbonate (p. 72).* 

As (he solution contains a large quantity of iron i 
pared with manganese, its precipitation must occur i] 
excet^dingly dilute liquid, and the maximum quantity ot 
ferric oxide in one litre of the liquid should not exceed 
3.5 grms. The precipitate of ferric hydrate is waehed hj 
decantBtion with hot water, a small quantity of amm 
hydrate being linully addod. The liltnite is concentrated 
by evaporation, and the slight quantity of aluminum (fer- 
ric o&ide) that has been dissolved precipitated by ammo*, 
nium hydmte. The tittered pn^cipitate is again dissolved 
in hydrochloric acid, and the precipitation with ammoniui 
hydrate repeated. Put the filtrate into a tlask that c 
he closed, mix with it yellow ammonium sulphide (see p> 
73— remark) in alight excess, and permit the whole la 
stand until tlie precipitate thus i'urmed lias fully subsided, 
when it is filtered. Wash the precipitate perfectly w 
water containing hydrogen sulphide, to which a little a 
I chloride has been added; rinse it then into 



* ]f sodium, carbonute and acetate and (unmouiiKa acetattt. 
(p. 73) are employed for the separation of iron aud mangaDese, 
the ferric acetate will iuvariiibly contain weighable quantities 
munguuese, especially, as in the present case, when large qiiao* 
titiua of iron arc present with manganese. 
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porcelain ilish, and pour acetic acid upon it. Nearly all 
the manganese sulphide will be dissolved ; a portion r^ 
;, however, will remain with the zinc, coWlt, nickel and 
copper* Bulphidea. Filter tlie acetic acid solution, wash 
inil euepend it in hydrogen sulphide water 
containing hydrochloric acid, wherehy the remainder of 
(he manganese and tlie zinc will be dissolved. The 
nickel, cobalt and copper sulphides will be insoluble. Ex- 
pel the hydrogen sulphide from the hydrochloric acid ao- 
n of the zinc and manganese, and separate these by 
bmling the solution with pota<»ium hydrate. Add the 
diglit precipitate of manganoug hydnUe thus produced to 
the acetic acid solution of the sulphide. PrecipilEtte the 

inganeee from its solution either in the form (^sulphide 
or otrbonate Q>. 21). 

Afler auidijying the alkaline filtrate with acetic acid, 
precipitftte the zinc with hydrogen sulphide, and determine 
t as sulphide. 

The sulphides of nickel, cobalt and copper, that were 
insoluble in hydrochloric acid, may be dissolved in a mix- 
^ tnre of hydrochloric and nitric acid. Evaporate the 
nitric acid and precipitate the copper with hydrogen sid- 
phide. Afier getting rid of the hydr«^n sulphide in the 
tiltrate, throw down the nickel and cobalt with polttssium 
hydnUe. These metals occur in such slight quantiticB 
that it ap[>ear9 jierfectly useless to separate them. Thia 
may be done according to the method ^ven on page 104. 

The quantity of iron in cast iron is UKually calculated 
by difference. Fur its direct deferiniuation a portion o( 
the hydrochloric acid solution may be titrated either with 
[Kitassium permanganate (p. 7o), or stannous chloride 
(p. 80). In employing the first method, it is advisable 

* The copper ii estimated in auctlier sample of the iron. 
(S.cp. 21!.) 
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to Ijoil the dilute solution for some time, because it I 
absorbed hydrocarbons, wliiuli may readily decompose t', 
permanganate, and tLen evaporate it to dryness with s 
phuric acid. It is, of course, understood, that the £ 
tioD, before titration with permangauate, ia reduced I 

The alkaline earths are present in the filtrate froni tboM 
ammonium sulphide precipitate. Acidify the solutioni 
with hydrochloric acid, evaporate it to dryness, expel th«a 
ammouiaeul salt^ by ignition, and Be|iara(« the calciuisfl 
and magnesium in the solution of the residue, accordin^l 
to the method given on page 32. 



Separnle Deter 



1 of the Manganese. 



. Very frequently in the analysis of cast iron the estima- 
tion of the manganese alone is required, and then an ex- 
ceedingly short course may be pursued. The method of 
procedure is very plain, if we remember the previously 
described separation of iron and manganese. When tb6 
silicic acid has been removed, add hydn^n sulphide to., 
the filtrate. Boil the tiltrate from the copper sulphide to 
expel the excess of hydrogen sulphide, oxidize the inu 
with nitric acid or potassium chlorate, and precipitate it 
as previously directed. Concentrate the filtrate and get 
rid of the aluminum by a second precipitation with am- 
monium hydrate, and then add ammonium sulphide. 
Genei-aUy the quantities of cobalt, nickel, and zinc present 
are so small that the obtained manganese sulphide can 
ho directly weighed. When the contrary is the case, 
suspend the precipitate in water strongly acidified 
hydrochloric acid, and saturate with hydrogen sulphu 
water (p. 104). The manganese is reprecipitated as 
phide in the filtrate from the cubalt and nickel Bulphide9i~ 
The ignited precipitate must be examined lor zinc. 
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For such an exumjnalion use 2-3 grmp. of iron. 

If we use siniium acetate instead of aDinionium carbon- 
ate for the separfttioD of iron from manganese, the latter 
-Biay be precipitated aa t}iB hydrate of the bitioxide, fay 
means of bromine, and then determined as prolosesqui- 
«xide (p. 137). 

The separation of iron from manganese by precipitation 
with sodium acetate, as already intimated (p. 214), ie not 
aa accurate as with ammonium carbonate, because a por- 
tion of the manganese remains behind with the iron ace- 
tate. Therefore, when great accumcy ia desired, the pre- 
cipitate, after being imperfectly washed, is redissolved in 
hydrocbloric acid, and the precipitation rej>eated. 



Deter iiiinatton of Copper 
{Phosp 



'■) 



c and Antimony. 



Hssolve about 10 grma. cast iron in aqua regia, in a 
'large flask, and when there is no longer any visible action, 
evaporate the whole to drjne^s upon a nater-bath, and 
■lieat the residue with ddute hydrodiloriL acid. The por- 
tion insoluble in aqua regia is fused with soda and salt- 
petre, and the aqueous solution of the fused mass added 
to the hydiOLliloric acid solution After the reduction of 
ferric chloride and arsenic acid to ferrous chloride and 
araenioua acid, with sulphurous acid or potassium hypo- 
sulphite, the liquid is 'taturated with hydrogen sulphide 
gas, and the sulphides obtained filtered off Digest the 
precipitate with potassium sulphide, the arsenic and anti- 
■jnony will be dissohed Thty may be re pi eci pita ted and 
determined according to page 16.J. The copper sulphide 
-that remains insoluble is washed with water containing 
■iydrogen sulphide, ignited in a stream of hydrogen, and 
weighed (p. 50). 
19 
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When, in a complete analysis, copper, 
have been determined, ihc filti-ate from the hydrogen sul- 
phide precipilate may serve for the CEtimation of tho 
phosphoric acid ; othem'ise, a shorter course, described 
below, may he chosen. The exjiiilsion of the hydrogen 
suljjhUle gas may be hastened hy conducting carbon dioxida 
through the licated liquid, which ie then mixed with fer- 
ric chloride suilicient to unite wilh aU the phosphoric acid, 
the solution neutralized with sodium carbonate and Bolid 
barium carbonate then added. The precipitation should be 
pertbrmed in a flask that may be closed, and this allowed 
to stand until the supernatant liquid has become color- 
less, filter off the precipitate, consisting of iron phi 
phate and hydrate, barium carbonate, etc., and dissolve 
in the smallest quantity of hydrochloric acid possible, and 
after the removal of the barium with dilute sulphuric acid, 
precipitate the phosphoric acid in the filtrate with ammo- 
nium TOolybdate. (See p. 25.) 

S'lljj/ivr Determination. 

Performed exactly as described on page 134, 

Ky the action of tlie bromine upon the hydrocarbona 
liberated when the iron is dissolved, reddish-yelti 
drojw of propylene bromide,* etc. are produced. These 
disappear upon the subsequent boiling of the liquid. 

Freseniua, in his sulphur determinations, conducts tha 
hydrogen sulphide and hydrocarbons, formed by tlie actiolt 
of hydrochloric acid upon the substance, into an alkalinSr 
lead solution, and uses for this purpose the apparatus pic* 
tured in Fig. 17. 

In X is introduce*! the weighed quantity of iron, and:; 
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r poured over it. A contains the hyilrocliloric ticid 
ng for tlie solution of the iron. B and C contain a 
ion of lead Dxide in [lolaseium liydrate. Draw the 
6 out of the liquiil, Ojieii the pincli-cock at c, and fill 




iliro apparatua willi hj'dro;;eii giia piirititid hy l 
Mine chloride and soda lime. This done, puah the tube 

> the liquid and open the pinch-coek again at £ 
vhich will cause a quantity of acid in A to flow over into J 
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K; then dose the pincli-cock at d, and hnsten the MlffKsn^^ 
of the iron by thu application of heat. Wlieo tbere is not 
a suilivieDt quantity of acid present, open tlte pinch-coeka 
agitin at c and d. and proceed as heretofore. When the 
Bohition is complete, remove the tube h from the Uquidi 
and allow a uurreut of hyilrogen gas to stream throogli 
the appanvtus, the solutioD in K at tlie Mtme time beii^ 
brought to ebullition. 

The lead sulphide in 11 and C ie filtered, and tJie dried 
precipitate fused with soda and eallpetre. The aqueous 
solution of the residue contains Hie sulplmric acid. To 
remove the small quantities of lead that huve been dis- 
solved, pasB a stream of carlxin dioxide througli it, acidi^ 
tlic filtrate with hydi'ochloric acid, and evaporate to dry- 
nees. In the aqueous solution of the residue, acidulated 
will) hydrochloric acid, precipitate the sulphuric acid with 
barinm chloride. 

As it ia very possible, in cases of difficultly soluble iron, 
that the liquid in B will he acid from the acid mechani- 
cally carried over, and that there will be a partial solution 
uf the lead sulphide, Fresenius suggests that a horizontal 
coaler be connected with the ilnsk K. 

Ginll recommends the following metliud for the deter- 
mination of sulpliur in cast iron. The pulverized iron is 
mixed with twenty times its quantity of a rather concen- 
trated and almost neutral solution of ferric chloride, then 
digested from eight to ten hours at a tem|)criture ranging 
from 25° to 30° C Almost all the iron is dissolved as 
fcrrou 1 1 nd 1 1 1 d t und com- 

posed grail t <1 1.1 pla w I lltl ul- 

phur. Fl th d wa.half Inalf 

crudbl tiam u- t leepal 'ialt| t and one 
part alk il hj 1 t Af 1 ty g 1 aqueo i 

extract witli li j drocbloric acid, estunate the sulpburif 
ai;id as heretofore. 



Phosphoi 



I Determinatio 



About five grma. of the c^C iron are digested in a pla- 
tinum diiih with nitric acid of epecific gravity 1.2, and 
a evaporated to dryness on a water-bath to cause the 
separation of the silioic acid. Dissolve tho residue in 
nitric acid, filter the insoluble portion, and precipitate the 
titrate with ammODium molybdate. The portion inaolu- 

R lie in nitric acid usually contains phosphorus; therefore 
scinerate the filter in a platinum crucible, and fuse with 
n equal weight of sodn and saltpetre. The aqueous ex- 
tract of the fused mass, after filtering, is evapoi'ated with 
'iydrochloric acid, and the silica filtered off. Add the 
ftqueous solution to the first in nitric acid. 

Gintl follows the same course in estimating phnspUonis 
tiiat he proposes for sulphur. After the separation of the 
nlicic acid from the aqueous extract of the fused mass, 
Ite residue is dissolved in water, with addition of some 
nitric acid, nnd the phosphoric acid determined in the 
titrate from tbe silicic acid. 

Carbon Determl nation. 

burning the finely pulverized iron in a stream of 

esygen the carbon ia converted into carbon dioxide, and 

ictly determined. For this purpose mix 4-.5 grms. of 

iron in a rather spacious porcelain or platinum boat, with 

B cupric oxide; place this in a porcelain tube, and 

Ifqr the latter in a combustion oven (Fig. 18), serving 

fbr the analysis of organic compounds. The ends of the 

tube should extend beyond the oven. Connect the one 

end with the gasometer 6, containing oxygen, the other 

with the tubes o, h, c, d, e. The oxygen, before entering 

tube, passes tlirough (be vessels f, g, h, and i, of 
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/ contain? coDcentrated potassinm hydrate, g 
tfmice stone moistened with concentrated sulphuric acid, 
potassitim liydrate in solid form, and i calcium chloride. 
tie small U-shaped tube a is filled with smdl pieces of 
btBS, moistened with about twenty drops of a saturated 
ilution of chromic acid. The latter Herves, upon the one 
Rkid, to dticompose the sulphurous acid produced, and, 
pon the other, to enable the operator to observe the 
inrseof the analysis; b contains calcium chloride; c and 

are fiTe-sixtha filled with soda-lime, and one-sixth with 
lloium chloride. (Seep. 3d.) These absorb the carbon 
kixide, and are weighed before the analysis.* 

To prevent carbon dioxide or water from entering the 
WDt portion of the tube, it is provided with the tube e, 
De limb of which, pointed towards the apparatus, is filled 
ith potassium hydrate, the other with calcium chloride 

"When the various parts of the apparatus have been con- 
ected, the porcelain tube from A to Ms warmed gently, 
nd a stream of oxygen gas allowed to pass slowly through 
^ When the lube is once warm, the heat may be 
^Hdly increased to an intense glow. Wlien the iron 
lows, all the oxygen will be required for its oxidation, 
nd during this time scarcely any gas-bubbles will be 
otioed in the tube a. When the oxidation is complete, 
lie combustion of the carbon to dioxide will begin, and 

regular stream of gas passes through the liquid in a. 
gnition for a quarter of an hour will complete the com- 



• When the carbon dioxide, mised with air or oxygen, i» 
te absorbed, soda-iiine is prct'crable to potassium hydrate, 
vanse it may readily happen, when the oxygen is in pr^pon~ 
xaoce, a portion of the carbon dioxide will not be absorbed. 
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The increase in weight of tlie tubes c and d will inJJ- 
cale the amount of carbun dioxide proda<-«d, and from 
thia the quantity of carbon may be very readily calculated 

As already above mentioned, when employing iha 
method the iron should be in a very fine condition. To 
obtain it in this form is a matter of no very little dillicaUy 
with certain varieties ol' iron. When the latter is llie 
case the iron ie dissolved in aomu suitable manner, and 
the carbon in the residue determined. Of the varioui 
methods recommended for this purpose, I will describe but 
tliree, which are convenient and reliable. 



Fint Method. — Weyl found, that, if iron was dissolved 
in an electrolytic manner in hydrochloric acid, and when 
it served aa the positive electrode, an amount oT hydrogen 
equivalent to that of the iron would separate out at 
the negative pole. Suppose, that only a weak current 
was used in this decomposition, the iron would exist in 
solution in the ferrous state, whilst if the op[)Osite were 
the case ferric chloride would be produced, and carbon 
would be separated at the negative pole. 

Over the other two methods thia one possesses one greut 
advantage, viz., that entire pieces of iron may be used for 
solution. 

A Bunsen " element" serves for the decomposition. A 
weighed piece of iron is attached with the aid of a plati- 
num wire or a pincette to the wire of the positive pole 
and these immersed in a glass jar filled with dilute hydro- 
chloric acid (Fig. 19). The jar, closed at the lower end 
with a bladder, ia placed in a beaker-glass containing 
the same acid. Care must be taken ia have the liquid in 
the glass jar and that surrounding it of the same level and 
not to allow the platinum point o^wire to dip into tha 
acid, because the current will be interrupted by tlie car- 
bon separated out between the ii-on and platinum point. 
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A piece of platinum foil will answer splendidly us negativ 
cloclroite, und may Xm attached just as the iron lo the wir 
of the negative pole anil dipped at the same n 
it into the hydrochloric acid. Solution e 
mediately, and by bringing the electrodes near each other 




or removing them, the current may be >i> rcgnlated that 
the iron will be disaolved only as ferroua chloride. The 
formation of ferric chloride is easily [lerceived by the yel- 
low-colored tlireads dro[iping from the iron, and then the 
fltream must be diminished, to obviate any loss of carbon. 
When, at^r the exjiiration of a lew hours, a sufficient 
quantity of iron has been dissolved, remove the carbon 
adhering to the piect oil iron, and after drying reweigh it. 
Collect the carbon upon a funnel loosely closed with 
ignited asbestos, and, after nashiiig and drying, mix it 



witli cupric oxide and burn in u slream of oxygen, just a, 
above directed. 

Second Method By suspending coarsely divided irw 

in a neutral solution of cupric chloride, tie iron will b( 
dissolved aa ferrous chloride and tlie carbon remain be< 
hind. (Berzeiius.) Ullgren has substituted copper aol- 
pliatc for cupric chloride. Dissolve from 4 to 5 grms. of 
cast iron in a solution of 20 grms. copper sulphate in 
100 C. C. water; at the same time heat the liquid gently 
and stir. When the decomposition is complete, pour off 
the clean solution, and transfer the residue^ 
I'ig. 20. consisting of carbon, copper, etc., to a funnd 
stopped with asbestos. Berzeiius used an 
paratiis of the form shown in the adjoining 
cut (Fig. 20). Below at the contracted part 
it is filled in with loose!}' placed asbestos. By 
constructing such a tube of difGcultly fusible 
glass, the carbon may be immediately mised 
with cupric oxide and the latter placed in a 
porcelain tube. The combustion is per- 
formed as heretofore. 

Tliird Method. — To effect the solution of the iron 
'Wtihler uses iodine ; suspending the first in water and 
adding iodine gradually (for 5 grms. iron about the sanw 
amount of iodine). When the decomposition is complete, 
the residue is filtered through asbestos and burned ii 
oxygen stream. 

Recently bromine has in many instances replaced itMUn) 
for this purpose. This is, however, less adapted to efiect 
sotutioD, the results obtained, generally being too low, va.i 
the reason for this maybe readily explained by the for- 
mation of propylene bromide. (See p. StS.) 
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Graphite Determination. 

Carbon, as is known, exists in iron ]Mirtly cliemically 
united with it and partly as grapliite. The latter remains 
Insoluble, when the iron is dissolved in liydro«hloric or 
sulphuric acid, wliilst the chemicallj combined carbon 
escapes in the Torm of liydrocarbons. To determine the 
tiuantity of graphite, dissolve a weighed quantity (3-5 
grms.) in dilute hydrochloric acid, filtering the residue 
through an oBbeetos filter, and washing it, first with hot 
■water, then successively with dilute potassinm hydrate, 
alcohol and ether. The graphite is burned in a current 
of hydrogen. The difference will represent the combined 
carbon, if the graphite be deducted from the entire quan- 
tity of carbon determined in a separate portion. 

Fresenius has given a method for the direct determina- 
tion of the chemically combined carbon in the presence of 
graphite. It consists in converting into carbon dioxide, 
the hydrocarbons liberated when iron is dissolved in dilute 
sulphuric acid. It is implied, in tliis determination, that, 
when iron is treated with sulphuric acid, all the uhemically 
united carbon will be volatilized in the form of hydro- 
carbons, and no compounds of carbon will remain with 
the graphite. Before employing tlie method be satisfied 
tiiat the residue remaining after treating the iron with 
dilute Bulphuric acid and washing with hot water contains 
no hydrocarbons soluble in jMitaaaium hydrate, alcohol or 
ether. This is readily noticed because in using potassium 
iydrate it will be colored brown, and if alcohol or ether 
have been employed it would be noticed by the residue of 
organic matter remaining after these solutions liave been 
evaporated to dryness. 

The apparatus^ of Freaenius (somewhat modified) con- 
gists of the following parts (Fig, 21) : — 
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K is a small flask of about 1.50 C. C. cnpacily, having 
a doubly {veribrated cork admitting ilie tubes a c nod 
a e is connected with the vertical uoolor b. The fiiontil 
tube e A is severed at g, and may be eitber united wilb 
tlie funnel h orwilh the tube i containing aoda-Hme. Ttis 
combustion tube d is uttiicbed at c. It is about 30 cen- 
timeters long and at the end directed towards c, half-filled 
with asbestos that has been well ignited. Behind the 



Fig, 21. 




the water and carbon dioxide, the end of ttie tube oppogilfr 
c is Joined with a calcium chloride tube, this with ■ 
weighed tube containing soda-lime and finally with < 
containing soda-lime and calcium chloride. This laet tulH 
serves solely to prevent the entrance, from witjiont, o 
steam and carbon dioxide into the weighed soda-liml 
tube (p. 35). 

The portion of the combustion tube d containing t 
cupric oxide is heated until it glows, and the weighej 
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(Kirtion of iron, 1-1.5 grma., introduced iii tlie flnsk K ; A 
connected with ff, and a sufficient quantity of dilute sul- 
phiiricHuid(l partsulphiiricitcidand5 paria water) allowed 
to [uiss into K, and tbe funnel replaced b^ tlie tube i. 

The extreme outer tube, containing both calcium 
chloride nnd soda-lime, is connected witli an aspirator, 
nod a constant current of air drawn through tbe apparntua, 
tiie solution of the iron in K being at the sftuie time has- 
tened by the application of heat. Bj contact with ihe 
dowing trapric oxide the disengaged hydrocarbons are 
ipletely oxidized to carbon dioxide and water. When 
iert'ect solution has been effected, Ihe portion of the tube 
intsining the asbestos is strongly ignited to volatilize or 
im the hydrocarbons that have condensed there. The 
tparatus is then allowed to cool, and from the increased 
irtiight of the weighed soda-lime tube the (]uantity of com- 
^ned carbon is calculated. 

Oxidation of the Carbon by mea-ru of Chromic Aeid. 

Instead of burning in a stream of oxygen the residue 
Remaining after dissolving the iron, it may he readily 
wnverled into carbon dioxide by warming with chromiu 
Kid (Ullgren). This method may be employed when 
tfiere is no combustion oven at huud. The construction 
pf the somewhat modified apparatus is indicated in Fig. 23. 

Tbe carbon remaining after dissolving the iron in copper 
[Ulphate, iodine, etc., is placed in a tiask K, which is 
doeed at g during the operation with a glass rod. Pour 
\t about 40 C. C. of concentrated sulphuric acid, and after 
pooling add 8 grms. crystallized chromic acid. The car- 
bon dioxide first paf^ses the vertical condenser k (serving 

condense the steam), then the Jar a, containing pieces 




protL-ctiiig tulxf Riled I 
cium chloride. 



■ (p. 30) and cal- 



• inigniii cmplojs puraicc stone fiUt-d with potasshim hy- 
(IrutiT Tor the ubaarplion of the carbiiD dioxide. The Butist«itcc 
1b pTpjjiired by disflolving I part pobisshim hydrnlc tii ,'1-4 pnrt» 
r, find adding, while tonsMntly applying heat, small pietts 
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The contents of the flask are heated until there is a 
violent liberation of gas, and the temperature gradually 
increased until white vapors are visible in the cooler K. 
The heating is continued as long as gas liberation is per- 
ceptible, the lamp then removed, f connected with .in 
aspirator and some air dniwn out. The glass rod at g is 
replaced by a potassium hydrate tube, after pushing the 
glass tube, bent at right angles, into the liquid. Air is 
drawn through the apparatus for some time, and the tubes 
e and d finally reweighed. 

Chiarimetrical Determination of the Combined Carbon, 

Eggertz has proposed a method for the determination 
of the combined carbon in cast iron and steel, which is 
based upon the fact that iron dissolved in nitric acid gives 
the solution a color more or less brown, in pro[)ortion to 
the amount of combined carbon present. For the purpose 
of comparison a solution of iron with a known amount of 
carbon will answer. The concentration is so arranged 
that every cubic centimetre contains as much carbon as 
will correspond to 0.1 per cent, carbon in iron. As these 
solutions lose their color very readily, Eggertz substitutes 
for them a solution of caramel in dilute alcohol, or an ex- 
tract of burnt coffee in alcohol and water. These have 
the same color (see below). 0.1 grm. iron is now dis- 
solved in a test-tube in l.o-o C. C. nitric acid of sp. gr. 
1.2, and when solution is effected heated to about 80° C 
on the water-bath. If the solution is complete, tlie cool, 
clear liquid is poured into a graduated tube, and tlie in- 
soluble residue again treated with nitric acid until there is 

of pumice-stone, and finally evaporating the mixture ahuost to 
dryness. The pumice-stone, saturated with potash while yet 
hot, is introduced into the tubes. 
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ni} lotig'T any lilMTalion of g!i9. Thp wiutjons are nni 
aiiil diltiU'd will) WRter iinril the color is the same as I 
with which they »re to be compared. 

Brittun lias mndifietl the Eggertx methml in the follnn 
mtuiner : A weighed portion of the finely divided iron 
(wbpn tliere is prcaent 0.3 per cent, earbun, lake 1 gnu. 
Ruhstance, and when the percentage is higher take Ic^^— 
not mure than 0.5 grm. sultslance) is heated in a test-tnlK 
with 10 C. C. nitric ticid, free from clilorine — sp. gr. 1 
— and after standing 10 to 15 minutes the elear soliitiuD 
is iJeeanted and the residue again digested with a C C.of 
nitric acid of the same strength until the i 
plet^iy decomposed. Tlie solutions arc filtered throaglii 
dry filter and poured together in a reagent tube 12 Cm. 
lung and 1.5 Cm. wid<!. For a coDiparison of the tints of 
color take 15 test-lubes of similar dimensions i 
uhove, and introduce into them ditierent extracts of 
roasted eoflee, water and oluohol, so that the tint in color 
of the first tube will coireapond to that of 1 grm. of iron 
containing 0.02 por cent, of chemically combined carbon 
and dissdlved in 15 C. C. of nitric acid, that oC the second 
to a Rolution containing 0.04 {ler cent, carbon, that of the 
third to a solution containing 0.06 per cent, carbon, i 
the color tint of the 1 -ith tube is equivalent to 0.3 per cenL 
of chemically oombineil carbon. These tubes are hermet- 
irally sealed and so arranged in a raek that between each 
two is sutficieiit room to stand the lube containing the 
solution to be tested. 

According U) Britton's esperiments we can accurately, 
estimate with this method the amount of i^arbon in 
within 0,01 per cent. 
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Determination of the Nitrogen. 

1. Determination of the nitrogen which is converted 
into ammonia when the iron is dissolved in hydrochloric 
acid. 

In this determination the iron is placed in a tubulated 
retort and dissolved in hydrochloric acid, and the escaping 
gases conducted through a U-shaped tube partially filled 
with dilute hydrochloric acid. The latter operation has 
for its object the conversion of the ammonia escaping with 
the disengaged gases (hydrogen and hydrocarbons) into 
ammonium chloride. When the solution is finislied pour 
the contents of the U tube back into the retort, and after 
adding sodium or potassium hydrate, subject the whole to 
distillation. (See p. 37.) 

Or, the iron (2 grms.) is decomposed with a solution of 
10 grms. copper sulphate and 6 grms. fused sodium chlo- 
ride, and when the decomposition is ended distilled with 
sodium hydrate (UUgren). 

2. Determination of the nitrogen in the residue left after 
the solution of the iron. 

According to Ullgren proceed as follows : Fill tlie com- 
bustion-tube (V) (see Fig. 23), 30 Cm. in length, to a with 
about 12 grms. of magnesite or sodium hydrocarbonate, 
place a loose stopple of asbestos next, and introduce from 
a to b the insoluble residue from the iron, dried at 130° C. 
and mixed with about 4 grms. of mercuric sulphate. An- 
other stopple of asbestos is placed at b, and from b to a the 
tube is filled with coarse pumice-stone powder, which was 
previously mixed with mercuric sulphate and water, and 
afterwards dried. Finally, the anterior portion of the 
tube, after adding another asbestos layer, is filled with 
coarse pieces of pumice-stone saturated with a concen- 
trated chromic acid or potassium chroma te solution. This 

20* 
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ia inteiideil to decompose the sulpliurouB aci<] that nuij 
be t'omwid. 

The com bust ion -tube is connected by d with a \ 
ated tube M filled with mercury, and inverted in a merciuj 
bath. The entire capacity of M ia about 90 C. C. ; the tDbe. 
t ii, divided into ^^^ C. C, holds about 20 C. C, the bulb- 
poi'tion about 40 C. C, and the lower extremity e about 30 



^ 




C. C. 35-4(1 C. C.ot'apola^sjiim hjdrafe solution (1 purt 
potassium hydrate in '2 jiarts water) are now introduced into 
M by means of a bent pijiette, and then 15 C. C. of C' 
ceiitrated tannic acid added, so that the mercury will stanc 
about/. The air contained In the apparatus is expelled b« 
heating the portion of the tube containing the magnesitt^ 
at the same time conducting the gas evolved into M. Th( 
portion a b is heated gently at first, while & c is in 
mean time brought to a glow. When this point has b 
reached, the jiart a 6 is rapidly brought to a red heat, ant 
held in this condition until the column of liquid in M nOi 
longer sinks. The fiiud traces of nilmgen conlained Ji 
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the combustion tube are expelled by reignitiiig the mag- 
nesite. Eemove the tube d, and with a small porcelain 
dish filled with mercury transfer the tube M to a tall and 
wide jar containing water, which will displace the mer- 
cury, potassium hydrate and tannic acid. Close the tube 
with the thumb or a gum cork, incline it, and rinse out 
the potassium hydrate that may yet remain in the upper 
portion of the tube. After allowing the tube to remain 
15 or 20 minutes in the jar ascertain the temperature, 
note the barometer-stand, then elevate the tube with tongs 
until the liquid in M has the same niveau with that of the 
jar, and read off the volume of nitrogen. 

Representing the volume of nitrogen read off by V, and 
the volume of the same at 0° C. and 760 Mm, barometric 
pressure by V, and the barometer in millimetres by B, 
the temperature of the water according to Celsius by t, 
and the tension of the steam in millimetres hyf, depend- 
ent upon the observed temperature, we have 

y,_V(B— /)273 
760(273 + 0' 



Well, Spring and River Water. 

According as these waters are used for domestic or prac- 
tical purposes the analysis extends itself merely to the 
estimation of certain constituents. In the examination 
of a drinkable water the estimation of the iron, calcium, 
magnesium, alkalies, sulphuric, hydrochloric, nitric and 
nitrous acids (carbon dioxide), ammonia, organic sub- 
stances, and the quantity of solid material usually come 
into consideration, whilst in the analysis of water for in- 
dustrial purposes the determination of the alkaline earths 
(of the total and permanent hardness), ferrous oxide, sul- 
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phuric and liydroehloric acids, and tlie entire amount of 
subfilauues is of interest.* 

Determination of the Amount of the Solid CoiutitufTilt, of 
the Ferrous Oxide, Calcium Oxide, Magnesia and Alkalis. 
— 500 or 1000 C. C. water (still larger quatititiea wbon 
spring and river water lire taken) are evaporated upon t, 
wutor-batli in a weighed platinum dish. Thu residue w 
dried at 120" to 125° C, either in an oil or air-l 
until constant weight is obtained. Pour water over 
dried raa&n, adding liydrocliloric acid to eSect the c 
plete solution. The dish is covered with a large wateh- 
gla»e. Heat until liubblca of carbon dioxide no longer 
(fseape from the liquid, remove the cover, and again evapo- 
rate to dryness. By subsequent treatment of the residiifr: 
with dilute liydrochloric acid, any silicic acid present witf 
remain insoluble, and can be filtered, washed, dried a 
weighed. 

For the precipitation of the ferric oxide the filtrate tj 
mixed with ammonium hydrate to alkaline reaction, I 
precipitate filtered off and dissolved after being imp 
feetly washed, and the precipitation repeated. Thiseecon^ 
precipitation is absolutely necessary, because, especially in 
waters containing much calcium, the carbonate of the lat- 
ter is invariably thrown down together with the ferrb; 

The precipitate produced by ammonium hydrate e 
tains not only silicic acid, but also aluminum and phoa 
phoric acid. The quantitative determination of these latttt 
constituents is in the present instance not necessary, wbil& 
upon the otiier hand, under many circumstances (t^speciatl] 
when tiie water is employed for certain technical purpose^ 



see Anslyn 
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determinutlou of tlii; irou in this precipitate is very 

portant. Dissolve the precipitate, therefore, in snl- 

inric ttcid unil determine the iron vol u metrically after 

ling it to the ferric stnte (p. 75). It is necessary 

i very dilute golution of potassium permanganate be 

iployed for estimating audi small quantities of iron. A 

lution in which 1 C. C, correHponds to 0.001 grm. iron 

ij be used. In well waters, containing large quantities 

f, the latter may be directly determined by adding 

um permanganate to the ireahly-tlrHwii water, acidt- 

with Eiilpburie acid. In this instanee it must also be 

irtained huw much {lerman^anatc would be required tu 

lor red a volume of distilled water equal to that em- 

lyed, and this quantity subsequently deducted. The 

ate from the ferric oxide is mixed with an excess of 

nonium oxalate or oxalic acid, the calcium oxalate fil- 

id off and determined according to page 13. 

To separati! the magnesium from the alkidies, evaiwmte 

filtrate to dryness in a platinum dish, and gently ignite 

residue (p. 45). For the perfect sepai'ation of the 

Tnesia, the filtrate is again evaporated, and the ignition 

sated with addition of ammonium oxalate or oxalic 



'The alkalies are determined by evaporating their solu- 
L to dryness with sulphuric acid upon a water-bath. 

f ignition the sulphuric acid and the ammonium sallA 
ixpelled. Finally (to convert the hydrosulphales into 

lutral sulphates) pieces of ammonium carbonate are 
[1 (p. 46). The sulphates are then weighed. To esti- 

ttte the amount of potassium in the preseuce of sodium, 

SOceed according to page 47 (Remark). 

> In the examination of water for technical pur[>oscs, cer- 
I inferences are drawn from the quantitative detcrmi- 

BtioDS of the cal<'ium and magnesium oxides, and we 
1 merely ascertain how much soap solution of known 
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str«ngth will lie required for the decomposition of a 
ured quantily ot' water, or. OiS il is uBiially expressed, wlial 
hnrdiitM the water under consideration possesses. 

If water, conlaining salts of the alkaline eartlis in 
tion, Iw mixed with tt souji solution, these will separate 31 
insoluble compounds of the faltr luiids, and the aoids pre-' 
viously combined with the alkaline earths, now nnited 
with alkuli, will jiass into solution. As soon as this re- 
lilacenient is comjilcte, a hither is produced on shaking. 
the solution, if the slightest excess of soap is presents 
This inilicnles the final reaction. 

The units (amoQut) of calcium oxide (CaO) contained' 
in 100,000 parts of water are termed the degree of hari^ 
ne»t. Water, therefore, indicating 15 decrees of hantv 
ness, contains in 100,000 parts 15 parts of calcium oxidA 
(or its suhstitiile^ magnL-sia), united with sulphuric, nitrici 
nnd hydrochloric acids or with carbon dioxide. 

As is known, by boiling the water the greater portiM 
of the carbonates (by the decomposition of the hydro 
Lonate) will be precipitated, whilst the sulphates a 
chlorides will remain in solution. Therefore we speak oj 
a tiital hardnets, which is represented by the en 
tity of alkaline earths present, and of a remainini/ {prr- 
manent) hardness, which is indicated by the eai-tb^ 
which continue in solution after boiling. The difference 
between the two is the temporari/ hardness, which wouI£ 
approximately represent the amountof carbonates (hydrw 
carbonates) in the water. 

Determination of the Total Hardness. Clark' t Methods 
As a normal liquid a soap solution will answer in whii 
45 C. C. will correspond to 12 Mgrras. calcium oxide di* 
solved in 1 00 C. C. 11,0. The soap suitable for lliis puft 
pose is made by rubbing togethi^r 150 parts lead plas 
with 40 parts of potassium carbonate. The mass is 1 
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with ulcoliot, filtered, the filtrale evitporated to 
on the water-bath, nnd the reBtciue dissolved m 
For every 2 parts of the soap, take 100 parts of 
ipte alcohol (afi" Tr.). 

. solution of barium chloride will serve for the stan- 
rdiiiation of this soap solution. Dissolve 0.523 grm. of 
)• barium ohlonde in wiiter, and dilute to I litre; then 
r 100 C. C. of this solution to a glass vessel pro- 
with a cork, and having a capacity of 200 C. C, 
id ^low the soup solution to pa^s in from the burette, until 
n ehakiug the liquid there remaius a permanent lather. 
B soap solution is then diluted with so nnich alcohol, 
t the production of a lather in 100 C. C, of the barium 
ioride will require 45 C. C. of the former. Then 45 
C. will correspond to 12 milligrammes of calcium ok- 

1 100 C. C. of water. 
For the estimation of the entire hardness of the water, 
in the standardization ; pipette 100 C. C. of the 
ove water into the glass provided with a cork, and add 
e soap solution gradually until the tinal reaction occurs, 
the water under examination indicates more than 12 
i of hardness, the end reaction is uncertain, and 
B titration must be performed in a more dilute solution, 
t this case take only 10 C. C. of the water, mixing with 
distilled water to 100 C. C., and proceed as before. 

DHermination of the Permanent Hardnens 400 to 500 

C. water are boiled for at least one half hour, and the 
iporating steam continually replaced by distilled water, 
fler cooling, the carbonates of the alkaline earths are 
d off, and the filtrate bi'ought to the same volume as 
B originally employed liquid (400 to 500 C. C). Take 
iO C. C. to estimate the earths that may yet remain in 
hition, proceeding as previously directed. If we employ 
e examination 100 C. C. of water, the tables of Faisst 
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and Knitusa given in tlie appendix afford a direct reading 
of the degree of hardness from vhe number of C. C. of the 
soap aolution which has been used. 

If, wlien determining the degree of hardneas, we obtsia 
a number not given in the table, take tbe number most 
nearly apjiroaehing it, and multiply the difierenee between 
the two by the fractions of a degree of hardness, whicti 
represent the difference of 1 C. C. of the soap BoIutioDi 
The product obtained is either subtracted from the degree! 
of hardness opposite the number taken in the table or 
added to it, according as the found C. C. of soap aoIntioD 
are deducted from tliose marked in the table, or the latlfir 
from thp number of C. C. found by experiment. For' 
example: 36 C. C. of soap solution have been u«ed in 
one experiment ; then the diiterence between 30 and 
36.7 = 0.7, which must be multiplied by 0.294 j tba> 
product is 0.20d8. In this instance we must deduct 
0.2058 from fl.5, and obtain in consequence as the degre?' 
of hardness 9.2942. Or, 100 C. C. of water require 44 
C.C. of soap solution, then 44 — 43.-l = 0.6,to be mul- 
tiplied by 0.31, and the obtained number then added (* 
11.3. The walcr corresponds, ilu-rrfoie, to ll.S -j- 0.186 
^ 1 1.686 degrees ol" hardness. 

Deleriiimation of the Hydrochloric Acid. — It may be 
estimated either gravi metrically as silver chloride (p. 17} 
or volumetrically with silver nilrate, using {lotassium chro- 
mate as an indicator (p. 43). The amount of water used 
will depend upon the quantity of chlorides present. When 
very small quantities of the latter exist, it is necessaiy, 
particularly in the gravimetric determination, to previously 
concentrate the solution by evaporation. 

Determination of the Sulphuric Jcirf.— Tnke 51 
1000 C. C. water, depending ujiun the quantity of sul- . 
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|>hat(!s timt may be jjrescnt. Aoidity the water wiih 
liydrovlUoric aciil, and determine the sulphuric acid as 
barium sulphate. Wlien upon testing qualitatively only 
a faint reactiou for gul|ihuriG ociJ has been obtained, tlie 
solution acidilied with hydrochloric acid is concentrated 
before precipitation, 

Where a comparison of different spring waters ia de- 
sirable and great accuracy ia not required, the sulphuric 
acid can be much toore readily determined volumetricuUy. 
Take aa a normal solution one containing 12.2 grms. 
barium chloride dissolved in 1 litre of water. A solution 
of pottsaium chroniate of equal strength is also made. 
This is prejiared by dissolving 7.3G5 grras. dry potaa- 
1 bicbromute in 100 C. C. of water. To this solu- 
is added sufficient ammouium to convert the potos- 
L bichromate into ammonium-potassium bichromate — 
the color of the liquid changing from red to yellow. 
Finally dilute to 1 litre. 1 C. C of the barium ctiloride 
solution will correspond to 1 C. C. of potassium chromate. 
To carry out the method, first remove the carbonates of 
the alkaline earths by the continued boiling of the solution, 
replacing the escaping steam with distilled water, filter 
and precipitate the boiling solution with an excess of the 
normal barium chloride solution. 10 C. C. usually suffice 
for this purpose. The excess of barium chloride is titrated 
by potassium chromate. Pass the latter from a burette 
Until the liquid over the precipitate appears slightly yel- 
low. Tiemann* 8U''<'e'!la that this slight necessary excess 
of potossiuu I on e be determined colori metrically. 
The liquid e b ou^l to a detinilu volume, about 150 C. 
C. (Tiemann effe s he precipitation in a glass vessel 
provided whin k) and 100 C. C. of the liquid, fil- 
tered thro gl d y hi is transferred to a narrow jar of 

• Berichto dar dcutachcn diL'iQ. Gosulliuluift, 1873, p. 920. 
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colork'88 glass. Now, [o 100 C. C. of water plaped ia, 
aniitljer eylinder of similar dimensions as the first, i 
thu normal cliromate solution drop by drup, until the colw 
tint Hgreus with that in the first tube. The amount 
potftsaium chrnmate used which is pfiuivalent to the e: 
of it Inken in the firsi cylindf'r, is dBducled from thfi e 
tire number of C. C. tiiken lor thii litralion of bikriuni' 
chloride. 



Del/rminatioii of ihe Ni'Irie Acid. 7'iemonn's dfodifi, 
cation of Scknhe's Method.* — The method is based 
tlie decomposition of a nitrate by hydrochloric acid aai 
ferrous chloride, and the nicafiurementof ihc 
gas evolved : — 
CFeCl, + GHCI + 3BN0, = 3Fe,CI,+ 411,0 -f- 2N0. 

Fig. 2^. 
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elosed by a doubly perforated gum cork, one perforation 
of which contains c g^ and the other the tube d. At h 
and e, both tubes are joined by means of closely fitting 
gum tubing to the tubes a and e A, and may be closed 
with pinchcocks. The bent end of the tube e A, to prevent 
its being broken, is covered with a piece of gum tubing. 
The tube c g about 2 Cm, below the cork (at g) is drawn 
out to a rather fine point, while the other tube is cut off 
immediately below tlie cork. A is a glass dish containing 
10 per cent, sodium hydrate, B a narrow tube divided 
into y^^ C. C. and filled with sodium hydrate that was pre- 
viously boiled. 

100-300 C. C. of water are now concentrated in a 
porcelain dish to about 50 C. C, and the liquid together 
with the precipitate of the alkaline eartlis then rinsed into 
the flask K and boiled, and toward the close of the opera- 
tion the tube c A is dipped into sodium hydrate, and the 
steam allowed to escape through it. If the air has been 
completely expelled from the apparatus, by pressing with 
the fingers upon the gum tube at e, the sodium hydrate 
will rapidly pass back in the tube e h, and tliis will be 
noticed by a gentle tap upon the finger pressed upon the 
gum connection. The pinchcock at e is closed and the 
boiling continued (the steam escapes tlirough g a) until 
the residual liquid amounts to about 10 C. C. Remove 
the lamp, close the tube with a pinchcock at b and fill the 
limb a h with water. Notice whether air bubbles form at 
&, and remove them by pressing with the fingers upon 
the tube. The graduated tube B is now placed over the 
bent portion of the tube e h, so that the latter extends 2 
to 3 Cm. into B. If a vacuum has formed in the flask K 
it will be noticed by the compression of the tubes at e and 
&, and then pour an almost saturated solution of 20 C. C. 
of ferrous chloride into a small beaker glass, dip the tube 
a h into it and let the liquid enter the flask through the 
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u|iciiiii)r at b. Thruiigh tlic stuiie ii]'i.'niiig small quanliliiis 
of concentraled hydrocliloric acid are twice introduced 
and the pinclicock again closed, Tlie flask is dow gentlj 
hinted until tlit; tubes are somewbat distended at e and 
by tlie pressure upon them, wben the pinelicock is removed 
and the tube held shut with two fingera, until the pressure 
is sufficiently great to carry the nilric oxide into B. "When 
the giiH lilierntion diminishes, the flask is more strongly 
heated and this continued until the column of liquid in 
B no longer altera its niveau. At loat nothing more ihi 
vapors of hydrochloric acid pass over and these are ab- 
sorbed so violently by the sodium hydrate as to create 
noise, similar to that noticed in the chlonne distillation 
according to Bunsen'e method. The tube e A is m 
moved, and B is transferred by aid of a porcelaii 
filled with concentrated sodium hydrate to a large glase 
cylinder containing water. (See p, 235.) By multiply- 
ing the C. C. of nitric oxide, calculated from tlie formula 
{p. 235), by 3.413, we obtain the corresponding number 
of roilligraras of nitric acid (N,Oj). By dividing thiB 
product by the number of C. C. of water used in tl 
periment, we obldn the quantity of nitric acid in 100,000 
parts water. 

This method is also applicable when the water has eveo- 
large quantities of organic matter in solution. Care must 
be exercised that the water em]iloyed contains at least 
milligrams of nitric acid. A rather large and measured 
quantity should bo previously evaporated. 

Determination of the Nitrout Acid, TroinmgdnrJ" 
Method. — If the solution of a nitrite is mixed wiih polas- 
sium iodide, a starch solution and dilute sulphuric acid, 
there is produced the blue color of starch iodide,* which 
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r different but measured qiiatitilies o( a soliition of 
potassium nitrite of known strength be added to equal 
volumes of distilled water, tlie conditions being the same, 
the iodine, renction can lie induced by the addition of 
potussium iodide, stareli and dilute sulphuric acid, and 
the quantity of nitrous aidd in the walir estimated by & 
contparison of the color tints. 

Ab the slai'ch solution of (lotassium iodide remains stable 

Imt for a short period, a stareh solution' of zinc iodide has 

frequently been made to I'eplucc it. The latter is put in 

wed vessels and kept in a dark apartment, where it will 

a unaltered for ([ulle a while. 
Besides the starch solution of zinc iodide, there is r«- 
b^ed to cany out this method a solution of potassium 
Bite of known strength. 

To prepare the first, rub in a mortar 5 grme, of starch, 
{ether with a little water, and add the milky liquid to a 
jling solution of 26 grma. of zinc chloride in 100 C. C. 
-wat«r. Continue boiling the solution in a closed vessel 
itil all the starch has been dissolved. 2 grms. of zino 
Mde are now added, and the whole diluted to 1 litre, 
i filtered. Before making use. of this solution, be satis" 
I that the addition of dilute sulphurie acid, after the 
Dvious dilution with water, causes no blue coloration. 
The potassium nitrite enlution ia prepared by precipl- 
ting a concentrated solution of potassium nitrite with 
Jr nitrate, Hnd then Altering off the silver nitrite. The 
ST is washed, dissolved in the least possible amount of 
ing water, and purified by recrystallization. 0.406 
■ o€ crystals dried between blotting paper are dis- 
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tlie silver chloride is itiluleil to 1 litre. Wlieii tlie pre- 
ci))itate has fully subsided, pipette out 100 C. C. of the 
clear eoliition. and dilute it with water to 1 litre. 

1 C. C. of this liquid conlnins 0.01 miUigram eS niimaa 
acid. 

Ti> ascertain the amount of nitrons actd in a water, 
pour 100 C. C. of the Utter into a narrow gltiss cylinder, 
the dimeneiona of which have heen no chosen tliat the 
above volume will occupy a column ot' 18 or 20 Cm., and 
add 3 C. C. of a zinc iodide starch solution and 1 C. C. of 
dilute sulphuric acid (1 : 3). If the iodine r«acti 
CUTS immediately or after a short time, the experiment 
must he repeated with a smaller quantity of wal«r (10 ttf 
50 C. C), diluting the laller to 100 C. C. with distilled 
water, so that the blue coloration only becomes visible ti- 
ter some time. 2 to 4 cylinders of the same dimensions 
as those above are now filled with 100 C. C. water and 3 
C, C. of a starch solution of zinc iodide, and 1 C. C, of 
dilute sulphuric acid added. The color tints of the four 
cylinders are contrasted with that of the water und 
amination. This is moat satisfactorily done by ptaciug 
successively the four cylinders side by side with the one 
under consideration, using a piece of paper as a backgr 
and looking down trom above through the liquid column. 
By this means we may succeed in ascertaining the exact 
or approximate quantity of nitrous acid in the water e: 
amiucd, if its color tint agrees with that of either one of 
the four cylinders. When only approximate results have 
been reached, the experiment must be repeated with other 
and varying qunnlities of potassium nitrite, until the color 
tint obtained corresponds perfectly with that of the water 
being examined. It is only when the quantity of n 
acid in 100 C. C. of water is confined to a limit of 0.01 or 
0.04 milligram, that this method affortls reliable results. 
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, Met/wd of Feldhfi'isen-Kuhel—The method is baaed 
^n the os-idalion of tiilroua to nitric acid hy means of 
MtaBsium pcnnnDganate. An excess of the latter is added 
and then titrated with a solution of ferrons ammonium 
sulphate. This method of deierrai nation is to be particu- 
larly recommended when the quantity of nitrous acid in 
300 C. C, exeeeds one milligram. The results, however, 
are not accurate when 100 C. C. of the water contain leas 
than O.I to 0.2 milligram of nitrous acid (Tiemann). 

For the decomposition of the nitrous acid, ^Jg normiil 
pttrmanganate solution is taken. Tliis is prepared by 
dissolving 0.34 to 0.36 grm. potassium permanganate in 
■ % litre of water. For a ferrous solution employ a liquid 
pDontaining 3.92 gnns. dry ferrous ammonium sulphate dis- 
{Bolved in I litre of water. The [lermangaualfi solution is 
Ao standardized that 1 C. C of the same corresponds to 1 
"C. C. of the iron solution, and therefore to 0.1 9 milligram 
.«f nitrous acid. The procedure is precisely analogous to 
.that described in the standardization of the permanganate 
tolution (p. 75). 100 C. C. of the wat«r are mixed with 

1 excess of the alxive permanganate solution; 5 to 20 
C C. are usually required, aceordinji to the amount of 
nitrous acid present. 5 C. C. of dilute (1 : 3) sulphuric 
acid are then added, and the solution treated with ferrous 
*Smmonium sulphate until it becomes perfi'Ctly colorlenx. 
HVhen an excess of the iran solution has been added, pass 
in permanganate from a burette until a slight coloration 
'ie perceptible. 

o avoid the decomposition of any organic matter con- 
tained in the water by the permanganate, the maximum 
temperature of the solution should not exceed 25° C. A 
temperature of at least 15° C. is necessary for the conver- 
iaoa of nitrous into niti'ic acid. 

Betermination of the Ammonia. Method of FranUand 
and Armitroiig The method is founded upon the de- 
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piirlmenl of ainuionla ttnil ita compounds with potassiuiu 
mercuric iodide. Tlic quantity of the ammoDia is deier- 
niined uolorimetrically, i. «., by the greater or leas coloia- 
tion occasioned by the addition ol' potassium me 
iodide to water. It is, of course, presumed thut all basis 
precipitated by a norniul alkaline solution (iron, colciun 
and magneaium) have been removed Irom tlie water, 
wliich ia very euaily done by the previous addition of soma 
sodium carbonate and hydrate (1 part sodium liydffttt 
free from ammonia and 2 parts water). 

For a comparison of the obtained eolor tints a solu- 
tion of 3.147 grms. diied anununium cidoride in 1 1 
water will unswur. Dilute 50 C. C- of this solution witik 
1 litre of water ; ICC. of the hitter will then correapuntf 
to 0.05 milligram ammonia. 

To prepare potasaium mercuric iodide (Neesler's Sdu- 
tion) dissolve 50 grms. of potassium iodide in 50 C. C. of 
hot water, and add a hot concentrated solution of mer- 
curic chloiide (20 to 25 grms.) until a permanent red 
precipitate of mercuric iodide is produced. Mix tlie fil- 
trate with 300 C. C. of potaesinm hydrate (1 part of po- 
tassium hydrate in 2 parts water), and dilute with y 

TliQ ammonia is estimated by pouring 3(10 C. C. of til* 
water being examined into a glass cylinder, adding 2 C. C 
of Bodiura carbonate and I 0. C, of sodium hydrate (of thi 
above concentration), and abitking up well. When tlie 
precijiitatc of tlie carbonates of the aliialine earths hM 
subsided, transfer 100 C. C. of the clear liqiud to 
and narrow glass cylinder (aee Nitrous Acid Determina- 
tion), and pour into it 1 C. G. of the pucasBium mercoriO' 
iodide solution, lu case a dark reddish -yellow or ni' 
color is produced, the ammonia percentage ia too large? 
therefore a smaller volume of tlie li<juid (5 to 50 C. C), 
precipitated by sodium carbirautu, must be diluted ( 
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distilled water to 100 C. C, so that the addition of the 
reagent to the liquid causes nothing more than a bright- 
yellow coloration. As for the rest, proceed as directed 
in the Nitrous Acid Determination : 100 C. C. of distilled 
water are mixed with 0.2 to 2 C. C. of the ammonium 
chloride solution, and 1 C. C. of potassium mercuric 
iodide, then compare the obtained colors. (See p. 246.) 

The method only affords an accurate estimation of the 
ammonia, when the quantity of the latter extends from 
0.005 to 0.1 milligram in 100 C. C. of water (Tiemann). 
When there is a large percentage of ammonia a correspond- 
ing amount of distilled water must be previously added. 

For another method of determining ammonia, see 
Analysis of Mineral Water. 

Determination of the Organic Substances.^ Method 
of KuheL — Is based upon the oxidation of the organic 
substances in acid solution by potassium permanganate. 
The excess of permanganate added is titrated with oxalic 
acid : — 

2KMnO,-f 5C,H,0, -f- 3H,S0, = K,SO, -f- MnSO,-f 

lOCO. + SH^O. 

* A former method for the estimation of the organic sub- 
stances, and one which may, even at the present time, be in use, 
consisted in evaporating the liquid to dryness, drying the resi- 
due at 120^ to 140^ C., and then igniting the same to volatilize 
the organic substances, which were estimated by the difference 
in weight. As the carbonates of the alkaline earths lose carbon 
dioxide upon being strongly ignited, the residue was moistened 
with ammonium carbonate, and dried at 120^ to 140^ C, until 
constant weight was obtained. It is very evident that by the 
ignition of the residue not only the organic substances were ex- 
pelled, but also the ammonia compounds, nitrates, etc. A por- 
tion of the calcium carbonate would be decomposed by the 
silicic acid, and the magnesium chloride would break up into 
magnesia and hydrochloric acid, etc. 
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Take a solution containing 0.32 to 0.34 grm. crystal- 
lized permanganate dissolved in 1 litre of water. This is 
standardized with a j^^ normal oxalic acid solution, having 
0.C3 grm. pure crystallized oxalic acid dissolved in 1 litre 
of water. In the standardization of the solution the con- 
ditions observed in the actual analysis must be followed. 
Proceed as follows : — 

100 C.C. of distilled water together with 5 C. C. of di- 
lute sulphuric acid are brought and boiled in a large flask 
of about 300 C. C. capacity. Run in 3 to 4 C. C. of the 
permanganate solution from a burette, and continue the 
boiling for five minutes, then reduce the permanganate, 
after removing the lamp under the flask, with 10 C. C. of 
a iJiy normal oxalic acid solution. Titrate the excess of 
oxalic acid with permanganate, i, e., to the colorless, warm 
liquid add enough permanganate to cause a permanent red 
color. 

In calculating the analysis it must be remembered that 
the 10 C. C. of oxalic acid, which were added, contain 6.3 
grms. crystallized oxalic acid (CgH^O^ + 2H2O), and these 
correspond to 3.16 milligrams of potassium permanganate, 
or 8 milligrams (necessary for the oxidation of oxalic acid 
to carbon dioxide) oxygen. 

When determining the organic substances in water pro- 
ceed just as in the standardization of a solution. Take 100 
C. C. of the water. It is of course understood that after 
tlie addition of 3 to 4 C. C. of permanganate the boiling will 
cause the disappearance of the red coloration, and there- 
fore permanganate must be added until this no longer 
occurs. 

The excess of permanganate, which was more than 
necessary for the oxidation of 10 C. C. of oxalic acid, will 
represent the quantity of permanganate decomposed by 
the organic matter in the water. 
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If X represents the number of C. C. which correspond 

to 10 C. C. of the oxalic acid, y the C. C. of permanganate 

3.16.t/ 
decomposed by the organic matter, then — will ex- 

press the parts ot permanganate, and the parts ot 

oxygen necessary for the oxidation of the organic sub- 
stances contained in 100,000 parts of water. 

If, for example, 100 C. C. of water require 7.22 C. C. 
permanganate for the production of a permanent red, and 
if this liquid was then decolorized by 10 C. C. of the nor- 
mal oxalic acid and 3.55 C. C. permanganate then added ; 
and further, if 10 C. C. of the normal oxalic acid solution 
equal 8.5 C. C. permanganate solution, we have 
7.2 + 3.5=10.7; 10.7 — 8.5 =2.2. C. C. permanganate. 

100,000 parts of water require, therefore, for oxidation : 
2.2.3.16=0.8179 parts potassium permanganate, corre- 

8.5 spending to : 

— — — =0.2070 parts oxygen.* 

O.O 

If the water under examination contains nitrous acid, 
this will have a decomposing effect u{)on the permanganate 
(p. 247), and therefore we must deduct for each part of 
nitrous acid in 100,000 parts water, 1.66 parts potassium 
permanganate. When ammonia or sulphuric acid is 
present, evaporate the water to about | of its original 

* According to Kubel and Wood, 5 parts of organic matter 
are oxidized by 1 part of potassium permanganate ; therefore, if 
the excess of permanganate given in milligrams were multiplied 
by five, it would give the amount of organic substances in 100,000 
parts of water. Tiemann recently discovered this supposition to 
be false. He found that the absolute weiglit of the non- volatile 
organic matter in different waters stood in a different ratio to 
the quantity of permanganate necessary for the oxidation of the 
organic matter. 
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voliiiiK?, unil repliice Uic cvaiJor»t<'<l |ioriioii with Jial 
witter und tliun titrate llii; solution. 

Srhu/ie'f Method. — This diflprs from the method of 
Kubel, in thut the oxidation of the orgHnic material is 
f^ffeiTteil in nn iillialine solution. After acidifying the red 
uolored liquid with sulphuric ncid, decolorize it again with 
usalic acid, deterDiiuing the excess of the latter with ]ier- 
munganate. 

Proceed as heretofore, mixing the 100 C. C. of the 
nalcr under examiuatioii with \ C. C. sodium hydrate 
(ohtained from sodium and the solution of 1 part of sodium 
hydrate in 2 (larts of water), and then add, acuordingto 
the amount of organic matter present, 10 to 15 C. C. of a 
permangaimte solution. The liquid is boiled about ten 
minutes (must remain red in color), and aJ^er cooling tt 
50° to 60° C, 5 C. C. of dilute sulphuric acid (1 : 3) and 
10 C. C. of the normal oxalic acid are added. The coIorleM 
liquid is again mixed with permanganate until the red 
color is permanent. Calculate us before. 

As regards the management of the final results, it ii 
certainly the beat to calculate the constituents in the va- 
combined state, that is, to simply give the amounts of ' 
cjilorine, sulphuric acid, nitric and nitrous acids, siliuis 
acid, also the quantities of calcium, magnesium, patassiuin, 
sodium, &c. in 100,000 parts of water. 

Every combination of the acids present with the oxidet 
is more or less arbitrary. In this connection 1 will merely 
mention that generally chlorine unites first with sodiur 
(to foi-m sodium chloride) and then with potassium. If 
any chlorine remains it may be regarded as combined 
with calcium. When there is sufficient chlorine lo com- 
bine with the sodium and giotassium, the remaining alkft-- 
licH can 1)6 regarded as sulphates. The remainder of the 
sulphuric acid is joined with eideium (CiiSO,), and the 
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rest of the calciam and magDesium calculated as carbon- 
ates. Nitric acid when present is generally joined with 
ammonia, and then with calciam. Nitrous acid is also 
combined with the ammonia. When large quantities 
of iron are present it maj be regarded as combined with 
the carbon dioxide (FeCO,). The silica is recorded as 
uncombined. 

Mineral Water. 

1. Work at the Spring. 

The physical properties are first learned, the appear- 
ance, smell and taste of the water noted, also the quantity 
of the latter determined which flows within a minute from 
the efflux tube, and the temperature of the water as well 
as that of the air recorded. It is also necessary to ascer- 
tain what action it gives with red and blue litmus paper, 
and whether the change of color in the paper remains upon 
drying. If spongy deposits or solid sinter are found in 
the spring or efflux pipe, samples of these are collected 
and placed in closed bottles for future investigation. 

Determination of the Hydrogen Sulphide When a 

portion of the water has been acidified with dilute sul- 
phuric acid and shaken up in a flask not entirely full, the 
presence of this gas is detected very readily by its odor, 
or by the decolorization of paper slightly blued with starch 
iodide. 

The quantity of the hydrogen sulphide is estimated with 
an iodine solution of known strength.* 

* HjS+2l=2HI-|-S. This decomposition only occurs when 
the quantity of hydrogen sulphide does not exceed 0.04 per 
cent. When this is the ease a measured quantity of the water 
is mixed with a sufficient amount of boiled dbtilled water. 
22 
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I'ge :m iodine tioluiion containing 1 grm. iodine (dit- 
solved in potassium iodide, p. 96) to the litre. Meatiire 
off a qtiantilf tf naU^r, mix it witli ai^tic ncid and a <)i]ale 
solution erf freshly prefMivd starch, and while stirring tb« 
lii]uid pnas from a burette drop bv drop the iodine si 
until the blue color of starcrh iodide remains permanent. 
Having in this manner asceriained lion mnch iodine solu- 
tion is necessary for the decomposition of the hydrogen 
sulphide, it would be well to repeat the experiment in sncli 
a imtnner that almost the entire quantity of the required 
starch solution is poured in a beaker gtas* and mixed witb 
an equal quantity of mineral water. Add to the colorlesa 
liipiid a few drops of acetic acid and some starcli, BOil 
allow suHiuient iodine solution to enterfrom the baratle lo 
produce a blue coloration in .the liquid. 

Tliere only remains yet to learn how much iodise si 
tion is necetoary to color in a like manner an equtd volinne 
of distilled water, and deduct this quantity. The sulphur 
in warm minend springs can only be determined with ai 
loiline solution after the water has become [rerfectly eooL 
Altbuugh the cooling can be hastened very much by sink- 
ing the Husk in cold water, yet the quantity of air whick 
the mineral water absorbs upon filling is sufficient to de- 
compose a certain amount of the sulphur compounds- 
Is therefore advisable to previously Hll the flask to be ui 
with carbon dioxide, and first remove the stopjter when 
the vessel is immersed beneath the suHkce of the watsr. 

To estimate the hydrogen sulphide Yolumetrically, tvs 
portions of the water arc mixed with a solution of nlver 
chloride in sodium hyposulphite and ammonium hydrate 
added to this and the flasks then carefully closed with ^uea 
stoppers. The precipitate produced is subsequently filtered 
off in the laboratory and oxidized with bromine water. 
In the filtrate from the silver bromide, aj'ter expelling tl 
bromine, determine the sulphuric acid as bnriui 
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i 15).* Aqua regia mtiy replace bromine i 



the o 



1 ot' tlic silver sulpbiiie. 



r: qiiantitiee of liydrogca eiil|ilil<le are present 
k tninentl waters, in order to render an accuralfi determi- 
nof the atilphiiricHciil possible, we must either boil two 
portions of the water immedialely at the spring, adding 
B hydrochloric acid, or if this cannot be done, precipi- 
the sulphur compounds in the water in closed tlaaka, 
irith cadmium chloride. The sul|ihuric acid is then after- 
l^srdfl dett^rmined in the fiUrule from the cadmium sul- 
pbide. The precipitate formed by tlie cadmium chloride 
y also he used to determine the total amount of aul- 
phnr combined with hydrogen or metal. Oxidize it with 
fuming nilric acid, and determine the sulphuric acid in 
tfae uauol manner after evaporating the esceas of nitric 

t*cid. 

a case hyposulphurons acid ia present, it may be eati- 

ed in tlie HllraU: from the cadmium sulphide. Two 

1 portions of the water are mixed witii a cadmium 

Mution and the warmed filtrate mixed with an excess of 

Fk silver nitrate aolution. Tlie precipitate — silver sul phi def 

and chloride — is filtered olf. and the latter dissolved in 

ammonium hydrate and the sulphide in nitric acid. After 

evaporating the excess of the latter acid, the silver in the 

a estimated as chloride. 1 mul. silver chloride 

responds to 1 mol, of byposulphurous acid. 



I Determination of the Ferroua Oxide, — A permanganate 
is here required which contains about O.G grm. 
I^tallised permanganate, the strength of wlJcb has been 
reviously determined, then acidify about 500 C. C. ol' the 



* Some springs yiulJ a higher ppreertape of hydrogen buI- 
nide by this method than \>\ titvation with nn iodine solution. 
- t-»g,SA + H,0-Ag,S+H,Sli., 
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waltr wUb dilute aulpliuric acid, and jidil the permanganati 
iinlil the known reaction occurs. For this purpose Lho 
hunker glues is placed u[>on a piece of while paper, ftnd 
the color observed hy looking through the li<iui<l fninc 
above. It is also necessai-y to know how many C. C, rf 
[Knnanganate are consumed to ])roduce the siune eolos 
tint in nn eijuitl ijimntity of distilled water, and subtract) 
thi>i amount i'roui the number oi^ C C. taken for the oxida* 
tion of the ferrous oxide. 

Tliis method is not applicable when the mineral natce 
under examination conlnine liydrogen sulphide ; tllen thq 
iron must be determined gravimetrically. (See below.) 

Determination of the Total Carbon Dioxide.* — For! 
this estimation lake a solution i^ 1 part crystallized <wU 
cium uhloride in 5 parts of water containing 10 parts of 
ammonium hydrate, Tiiis mixture should be prepared 
several weeks hetbre being used, and preserved in a well* 
sealed flask. According to tlje quantity of carbon dioxida 
present, tlie measuring flask of 200-1000 C. C, filled with 
mineral water, is sunk as far as possible beneath the suPt 
face of the liquid, and the water sucked from the flask by 
means of a rubber tubing; Ibis will enable one to fill t 
vessel with water from the lowest depths, l-'or transporta- 
tion this is then poured into a second flask intended t 

3 sufficient of the cleoK 
I combine with the ca 
lug flask with small qtiaiu 
titles of boiled distilled water. Several such flasks aM 
fllled in a like manner and carefully corked. This is b 
effected by using corks covered with caoutchouc, which il 
previously moistened with water (Bunsen). 



this purpose, and which 
calcium chloride solutioi 



• Foi 



tlip dctemii nation of absorbed guseii, etc., found m 
u Bunseu's " GjisoiiiKti-ische MothoiU-n." 
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Determination of Ike Specific Gravity In minenU 

I waters rich iii gnses il ia best lo prepare for the epecifio 
gravity deternii nation at the spring. For tins purj)Ose 



fluskR (if 200-4(10 C.C. ciipacily 



used (Fin 



Fig. 25. 




method of procedure was propoHe,d by Fresenius. The 
neck of the flask is drawn out into a tube 50 Mm. long 
and 5-6 Mm. wide, ii]>on whiuli a millimeter scale ta 
etched. The mouth is round and ean be closed air-tight 
with a caoul4;houc cork. To till the flask close it with the 
thumb, immerse it aa far as possible beneatii the water 
Burfuce, and allow enough water to enter to fill it lo about 
the middle of the neck. The mouth is again covered 
with the thumb, the flaijk removeil from the spring, and 
immediately closed with the caoutchouc cork, which for 
safety ia wound around with a piece of cord. 

22* 
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Filling the Fliuts. 

"Wine or miueral water flasks are usuidly emjiloyeJ ior 
the transportation of the water under exaiaination i 
laboratory. These are dipped as far below the surte 
of tlie liquid as possible, the water poured out, an 
flasks refilled. The latter are corked with eloppers coverml 
with caoutchouc. That portion of the cork extending be- 
yond tJie neck of the flask is cut off, and when dry, sealed. 

To estimate those substances existing in small quantitit^s 
in tbc water, fill several large flasks with the same. 

2. TiiE Anai-vsis. 

Uelermimitioii of the Specific Gravity — If [H-eparutiuiia 
for this bavK already been made at tlie spring, [he flii»k 
used there ie plac«d side hy side with another filled with 




dialilled water, and \-\h M.m.'A U> sl;ind for at lei^' 
twelv(.i hours in a siiiliible ruDiii, su lliitl llii.' lenipcralure 
of bulb liquids bccouns the same. The height < 



iqaiil ill tlie flret gluss i» notud and lU weight then aacer- 
uned. Empty it atid rinse it with distilled water from 
D avcond flask, und then refill with the same liquid to 
B height noted before. There now remains merely the 
tenninntion of the weiglit of the empty Dusk, for which 
■rpose it is rinsed out with alcohol and ether, then dried. 
It is of course understood that the flask containing either 
uneral or distilled water is not to be put upon the balance 
ntil the exterior has been carefully dried with bibuloua 
r and cleaned. 
If it was not neceesarjr to make any preparations at the 
pring for the specific gravity determination, it must be 
^formed with aid of an ordinary piknometer (see Fig. 
C), using for this purpose the water from one of the 
leks which were tilled at the spring. 

Dtttrmination of the Total Carbon Dioxide Use for 

hie purpose the precipitate producied at the well by tlie 
n chloride. If a sufficient interval has elapsed be- 
ireeii the precipitation at the well and the time of analy- 
I, BO that the originally omoritbous precipitate has he- 
me orystalline, the filtration (through a plaited or ribbed 
ter) con occur immediately, while otherwise the flasks 
Btist be wanned for some time upon the water-bath. The 
iorks are then loosely fitted to pi'event bursting of the 
fuka through the pressure induced by healing. The pre- 
tpitate is rinsed into a small flask, and the carbon dioxide 
JCording to page .^3. 

«d quantity of water was taken at the 
ing for the [irecipitation of the carbon dioxide in the 
^ctilation of the amount of tlie same in the water, the 
to, gr. cf the latter must be regarded. To find the abso- 
pte weight of the water, it is only necessary to multiply 
mployed volume expreHwtd in C. C. by the specific 
iravity. 
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Deterininatian of the Total Carlon Dioxide in Mineral \ 
Waters Sujie.rtaturated with )7.— Sometimea the ca 
curs that the carbon diositie in flasks and other vesseli f 
containing the mineral water must be eslimaled; then n 
only the portion of carbon dioxiili! retained in the wal 
by pressure, but also that remaining after the removal of I 
this force is detertnined. Employ a sharp cork borer v 
cloecd above with a perforated caoutchouc cork for this I 
purpose. (See Fig. 27.) 



Fig. 27. 




A small i-ound aperture \a madv lit a. ,To better r 
late the flow of the liberated gas stream, the glass tube 
bent at right angles is provided al b with a thumb-screwi.l 
The cork bore is pressed through the cork until the opening I 
at a is below the latter. The gum tubing at b is connected I 
willi an aspirator (p. 34), and a slow stream of carhonj 
dioxide is allowed to escape in the apparatus by a gradual J 
opening of the tbumh-screw. As soon na the bubbles of>l 
carbon dioxide cease to ascend in the liquid, pour out the J 
contents of the previously tnred flask into a solution oim 
calcium chloride in order to deteiTnine llie carbon dioxide J 
remaining in the water. Proceed then as before. 
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Dttermination of the Total Amount of Solid Constitu- 
ents A tlHsk is filled at tlie spring aiul tared, its contents 

then [loured into a platinum disli, sdiI evaporated on a 
water-bath. Water ricli in gaa must be heated carefully, 
and it is advisable after each " filling-in" to Cdver the diah 
vatch glass, until bubbles of carbon dioxide nu 
longer escape. 

The empty flask is riosed out several times with dis- 
tilled water and then reweighed. The residue in the 
platinum dish after the evaporation of the liquid is dried 

an oil hatli until the weight is constant. 

By converting the weighed salts into sulphates (by treat- 
ment with dilute sulphuric acid and igniting with ammo- 
carbonate, p. 37), and taking the weight, this will 
as a control for the analysis. This must, of course, 
agree with the weight which is obtained when the found 
constituents (polaaaium, sodium, calcium, etc., iron ex- 
cepted) are calculated as sulphates, deducting, however, 
the ferric oxide, silicic and phosphonc acids. 

Determination of the Sulphuric Acid. — Accoi-ding to 
the quantity of sulphates present (ascertained previously 
by qualitative testing), the contents of one or several 
flasks are employed. In the latter instance the water is 
Concentrated, with addition of hydrochloric acid, previous 
to the precipitation with barium chloride. For the esti- 
mation of the sulphuric acid in mineral waters containing 
hydrogen sulphide, see page 255. 

Determination of the C/ihrinf.-^FrocepA as direi^ted 
en page 240. Bunsen suggests, instead of converting the 
nlver produced by the incineration of the filter into chlo- 
ride, that the Ulter be reduced upon a weighed platinum 
wire, and the increase in weight of the latter ascertained, 
bromine and iodine are jircsent in mineral water, 
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tlii'y will hn |inrci]iiUI«d Ut^tbtr with ibe tUonacui 
iiiuHt huIh)0(]U4!IiII}' bc <Ie>]<jcied from iu 

JMrrminalinnof firominf, fvdint, ^aarime^^ B«m 
(llont«ic Ai-id). — An i\te*e plemenis nccar i«*«»By b THJ 
ti)iiiiite quantities, and as a larger amoant of wMrr Ma* 
1m' ovufHinied (or llieir dptvnninalion, the estimaiioa ff 
fiu-M crnn tw KntiMfuctorily modi: in the same portion ot 
waK-r. 'i'hc eontente of a litr>^ flask filled at the gpnns 
un* L-vapunvted, care being laken that the wat^r, bj nr- 
('■'xnivti lulilitiuna of aodium carbonate, continuaDj'iilio** 
II Nlif;lilly iilkuliiiH rauTtion. This, however, is not nwff- 
wiry wlicn ihn wator belitngfi to the class of alkaline m'O- 
c^riil wiilfiW. Tliu rtisiilue ib repeatedly digested willi 
liti'i^ir igimtititi'')) iif diKtilled water, and the insoluble por- 
(i(jn truimfHrred to a filler. The latter contains, besiilw 
thB nlkulini! curtlis and inugncnia, ferric oxide, mangane^ 
oxide, Bilicic aoJd, iit«., and all the fluorine as ealciura flu"- 
rido. Treat thin residue with dilute hydrochloric acid M» 
diiwfllve the uiirhuiiateit of the alkaline earths, and also th^ 
oxidcM, iron, iniin)tnnei»e, eW, Fuse the insoluble iiortio** 
(nuliihutog of tliK nlkalioe earths, calcium fluoride and silt' 
olu acid) in a platinum cruclblii with sodium carhouaie' 
Thu aigueous t-xtrnct conlaius. together with sodiuni 
' OHlP, all the tiuurine uh sodium fluoride, whilst the alkaline 
(UFtb* n^tnuin hh insoliihle carlfonates. For tlie separati 
of tile siliuio acid, and the determination of ihe fluorine as 
caluUim fluorldu, procued aa given upon page 116, 

The luiupouH aoluliori obtained by digesting the residue 
left ufler cvniiurution (thu filtrate from thu carhonales and 
■ulpbaUfH of iho alkaline tuirllis) is employed in the dctur- 
niinntion of the borncic auid, iodine and bromine, and di- 
vidiid into thrdti wi'iighud {>oflions. To estimate the boracio 
line piirtioti is acidified with hydrochloric aeid, 
.liiiiii. I i^nii. uiu"nc'siiiiu chlurjili; mid Kome anmio- 
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chlorklo added, and the wliolc Bupersatii rated witli 
ammonium ciu'bonate. Tbe liquid is evnpornted to dry- 
ness ill a platinum dish, and ammonium hydrate added 
from time to time during the evaporation, so that the 
solution continually yields an alkaline reaction ; Runlly 
ignite the residue, consisting of boracic acid, magnesium 
chloride and magnesia. This is now repeatedly lixiviated 
with hot waler, and the iiltrate (to obtain the last traces 
Ot' bomeic acid) again brouglit to dryness, after adding 
magnesium chloride, and ammonium chloride and hydrate. 
The residue as thus obtained, after repeated extraction 
with water, is transferred, together wjtii the first — filao 
well washed — residue, tn a platinum crucible, evaporated 
several times with small quantitiea of water, and finally 
ignited and weighed. A small portion of the subslaucc is 
now tested qualitatively for boracic acid. When tbe lat- 
ter is present, divide the residue into two parts, dissolving 
the one — larger portion — in cold nitric acid, and precipi- 
tating the chlorine as silver chloride, while the second 
portion is dissolved in hydrochloric acid, and tbe magne- 
sium estimated as magnesium pyrophosphate (p. IG). 
(l)UD.en.) 

If A represents the weight of the mixture, consisting 
of boracic acid, magnesium chloride, and magnesia, B the 
weight of the oblained silver chloride, C the weigiit of the 
obtained Mg^P^O,, and t: tbe required amount of boracic 
acid, then : 

._A ^^9. B ™"*^ C 

or J^= A— 0.19142 B_0.36037 C. 
To determine the iodine in the second portion of the 
fiqueoiis solution, difierent methods may be pursued. 
When tlie quantity of iodine is to any degi-ee large, it is 
precipitated as piiUiidious iodide (Pdl,). Acidify the 
liquid sligbljy with hydiiwhloric acid, and add palladious 
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chloride or nitrate until tli<: precipitation is complete. 
palladious iodide, after standing 48 hours, is transferred to 
a weighed filter dried at 60° C, washed with warm water 
and dried again at 80° C. until the weight ttecomes con- 
slant. The precipitate is ignited in a porcelain cmcjble, 
nnd the quantity of iodine calculated from the residual 
palladium. When only small quantities of iodine are 
present, the following methods are preferable. Acidity 
tlie liquid slightly with liydrochloric scid, and sepiimU 
out the iodine by means of a few drops of a solution oC 
hyponitrie acid in sulphuric acid, or with fuming sulphurid 
acid, and shake the liquid with carbon dtsulphide for 
time in a closed vessel. When the iodine has been full] 
dissolved, pour oil' the supernatant liquid, wash out th< 
carbon disulphide solution and rinse it into a small glaa 
provided with a cork. A very dilute solution of sodiun 
hyposulphite is allowed to pass in drop by drop, ant 
stirred well atler each addition, until the violet coloratioi 
of the liquid first disappears. The strength of the sodiun 
hyposulphite is similarly determined, by shaking a Fen 
C. C. of an iodine solution of known strength (about ^ J^ 
normal solution) with carbon disulphide, nnd this then 
decolorised with sodium hyposulpliite. fiunseu uses chlo- 
rine water of known strength for the separation and siniuU 
taneous determination of the itwline. For the 
of minute quantities of iodine, the chlorine water saturated 
at the ordinary temperature is diluted to 2(1 times ita 
bulk with water, and for larger quantities with double its 
volume of water. The strength of this solution 
determined that a. measured portion of it (of the dilute 
clilorine water 100 to 150 C. C, and of the concentratei 
about 40 C. C) is passed into potassium iodide, and the 
iodine that separates estimated with sodium hyposulphita 
(p. 96). 

Acidify the liquid wiih liydrochloric acid and mix 
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^Boiigh clilorofortn go tliut uponfiIiuking(iD a closed tubi.-) 
^*>me C. C. of it remain untlisHotved, and then add clilu- 
("lue drop by drop, sLaking tbe liquid violently after each 
addition. This is continued until the violet color in the 
<sliioroform just diaappearB, or the yellow coloration pro- 
«3nced by the separation of bromine juat ap[)eara. 

By employing palladium nitrate for the precipitation of 
"the iodine as polludious iodide, the filtrate may be used for 
fletennining the bromine ; it is, however, neccgsary to 
Temove previously almost all the chlorine. Mii the liquid 
"with sodium carbonate to alkaline reaction, evajjorate to 
Almost perfect dryness upon a water-bath, and repeatedly 
cxtTBCt the residue with warm absolute alcohol. The 
alcoholic solution contains the entire quantity of hromine 
^combined witli the potassium or sodium), together with 
U quantities of alkaline chlorides. Eitjiel the alcohol 
by heating, and add a few drops of sodium hydrate. Now 
acidify with nitric acid and precipitate the bromine and 
chlorine by tlie addition of silver nitrate. Tiie amount of 
bromine can be readily ascertained by the loss in weight 
'which occurs when the weighed precipitate is heated in a 
bulb-tube, and a stream of chlorine gas is passed over it, 
until there is no longer a diminution in weight, and all the 
bromine replaced by chlorine. 

We can estimate the bromine in the same liiiuid if the 
iodine has been before separated by pure hyponitric acid 
id sulphuric acid, without the addition of nitric acid. 
The bromine will then he contained in the liquid poured 
from off the carbon disulphide. Its determination in the 
presence of chlorine has already been mentioned. 

Bunsen also makes use of titrated chlorine water for its 
determination. A third jiortion of the solution (see above) 
almoet neutralized with sodium carbonate, and boiling in 
a porcelain dish, is evajKimted tu incipient crystallization, 
then slightly acidified with hydrochloric acid, and c 
23 
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rine water allowe<! Id enter the boiling solution, drop ti| 
drop, from a burette iinmuiiiately above the surface d 
the liquid. Both bromine and iodine are liberated, coloi^ 
ing the liquid yellow, and arc volatilized by continue 
boiling. As soon, however, as the liquid reeumea i 
colorless condition, add a freah quantity of chlorine Wfttti 
and continue doing so until this no longer causes a 
tion iu the liquid. 

We can find the amount of bromine if we deduct tl 
C. C. corresponding to the iodine from the C. C. of ohlo 
rine water employed, and calculate the difference for brti 

If the original liijuid is colored by organic matter held 
in solution, it is evaporated in a platinum dish, with adv 
dition of eodium hydrate, and the residue then ignited 
a silver crucible. 

Determina J h ^ ic Add, — The estimation 

made us din I n [ a^ 242. The determination of t. 
nitric acid a d mm n may be combined. The 
(see further ) I f fte h expulsion of tli 
sodium or po Id may be used, and the nitiift 

acid conTerled by warming with zinc into ammonia :— ^ 
KNO, + 7NaOH + 4Zn = (3ZnNa,0, + ZnNaKO,) + 

Concentrate the retort conlenia still further. The de- 
composition with zinc dust is hegim and the misturo of 
ammonia and water caught in a receiver containing dilute 
hydrochloric acid. (See p. 38.) (Bimsen uses 4 to 6 
zinc iron spirals instead of the zinc dust. These can 
easily be made by winding strips of zinc and ii'on around 
a glass rod. They are cleaned with hydrochloric acid 
and water before being used.) After a lapse of twelve 
hours lie-at the retort on a water-bath, until the liberation 
I, dilute with water and euntiuuu heating over 
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SI free flame until about half the contents have been dis- 
tiUed off. 

As ah*eady mentioned on page 39, the ammonia may 
"be conducted into a measured volume of normal oxalic 
«cid (in this instance j^j^ normal oxalic acid is sufficient), 
and that portion of the acid not neutralized with ammonia 
may be titrated with ammonium or sodium hydrate. (See 
Analysis of Soda.) 
If, in this instance, 

t represents the number of C. C. of oxalic acid used 

in the experiment, 
a the weight of acid (C2H20^-|-2Il20) contained in 

one C. C, 
<j the number of C. C. of neutralized acid in the re- 
ceiver after the dilution, then the water will con- 

tarn p TJ /) . 91J (\ ^ Q-h) grms. nitric acid. 

Determination of the Ammonia, — 1000 to 2000 grms. 
of water are taken for this estimation. These are before- 
liand concentrated with addition of hydrochloric acid to 
« small bulk, either in platinum or jwrcelain vessels. Fol- 
low the method on page 37. 

Determination of Oalciu?n, Strontium^ Barium^ Mag- 
tiesium, Iron, Manganese^ Aluminum^ and Phosphoric 
and Silicic Acids, ( Organic Matter,) — About 5000 grms. 
of water* are acidified with hydrochloric acid and then 
evaporated to dryness in a platinum dish. The precau- 
tions already given above should be strictly followed. 
(See Determination of Solid Constituents.) The emptied 

* The amount of water to be evaporated depends upon the 
quantity of solid constituents ; so that for this purpose greater 
or less quantities are employed. 
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fliisks shniild alwitys be rins«d out with dilute hyilroc^lilorii' 
a»!id and wiiter, becniiae if tliey liave stood iiny lime i'»l- 
ciiim carbonate would very probably have scparaleil oul, 
and also fuiTic oxide in cose this was (ireatint. 

Tbe perieelly dry residue must be heated to about ISO* 
C. to effect tbe complete eeparation of the silicic oci^ 
tlien moistened with hydrociiloric acid, warmed on a waK* 
bath and dissolved in water. The silicic acid remains Id- 
Boluble, and after filleriug, washing and drying it is igaitti 
aud weighed (p. V2i), If it is discolored by any orgiUii« 
material, treat after ignition with pure alcohol and eth«fi 
After the evaporation of these solvents the rewdne ia 
weighed and regarded as '• organic subslance."* 

The purity of the silicic acid is tested by treating it vitli 
hydrofluoric acid or ammonium fluuride, and tbe reeidual 
traces of barium or strontium sulphate (titanic wd) 
brought into solution and added to the rest of the liqiiiiL 

The filtrate from the silicic acid is warmed with addi- 
tion of nitric acid, and the aluminum, ferric oxide aod 
phosphoric acid precipitated by ammonium hydrate (bHt 
in a platinum dish). Tlie precipitate (1.) is imperfectly 
washed with hot water, redissolved In hydrochlot^ add, 
when there generally rcniains a residue of insoluble Bilidc 
acid (p. 131), and the precipitation of the aluminum, etc. 
with ammonium hydrate is repeated, in the liltrate fVoiD 
the same. Berzeliua' method may he employed in the 
separation of the ferric oxide, alumina and phoaphoric 
acid. The precipitate is fused in a platinum cruciblr, 
with six times its quantity of a mixture of 6 parts sodium 
carbonate and 1^ parts of silica, and the fused mast 
treated with water. The aqueous solution will contain 
besides the silicic acid, the excess of sodium carbonaic, 

" For tlie determination of the organic mntter by the ignition 
of the resiilue left upon evaporation, see page 249, twnart. 
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all the phosphorus iic:iil combined wilh sodium. Tlie 
ilicic ftcid ia aepaml«d by warming the liquid with ammo- 
carbonate nnd evaporating the filtrate with hydro- 
Uoric acid to dryness in a platinum dish. Add to the 
trate an excess of pure (free from aluminum) potaeeium 
rdrate and Alter off the ferric oxide al'ter digesting the 
lution for Home time on a water batii. After washing 
ith hot water dissolve t)ie precipitate in hydrochloric 
id, precipitate again with ammonium hydrate, wash, dry 
id ignite. 

To remove the aluminum from the potassium hydrate 
fotion acidify the latter wilh hydrochloric acid and add 
lunonium hydrate (p. 37). 

The liquid from (1.) precipitate is transferred to a flask 
suitable size, and the manganese thrown down with am- 
^ium sulphide added in slight escess (Precipitate II.). 
) prevent the separation of calcium carbona'te from the 
quid upon standing, lill the flask with boiled water and 
cork it. The muuganese sulphide muy, however, contain 
slight traces of calcium carbonate ; dissolve it, therefore, 
in acetic acid {any zinc, cobalt or nickel that may be pre- 
sent will be insoluble) and repeat the precipitation aa 
belbre. This second filtrate is added lo Ihe first. 

To separate the remaining substances the Hltrate from 
the manganese sulphide (II.) is acidified wilh hydrochloric 
aeid and warmed until the hydrogen sulphide odor is no 
longer perceptible. Filter off the sulphur, and after neu- 
tralizing with ammonium hydi-ate add an excess of ammo- 
nium oxalate. When the culcium oxalate has subsided, 
it iafilleredoff, washed and after dissolving in hydrochloric 
acid, is re precipitated by ammonium hydrate and oxalate 
(Preeipitate III.). By ignition the calcium oxalate is 
either converted into carbonate or oxide and weighed 
U). 
When barium and strontium arc prcwnt, they are 
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found in tlie calcium precipitate. Tbe latter may a]M 
contain traces of magnesium. To estimate tliese sub- 
stances heat tiie weighed precipitutc in a platinum crucible 
with nitric acid, until a clear Kolntion is obtained, thcE 
evaporate on a water-batli. The residue contains the 
alkaline earthn as nitriLlea. These are nnw digested m 
a small quantity of absolute alcohol, and after stnnding 
twenty-four hours the nitrates of barium and strontium 
are filtered off {p. 28). Tbe filtrate conliiins the nitrate* 
of calcium and magnesium. Evaporate tbia solution t 
dryness, dissolve the residue in bydrochloric acid, and, 
after again evaporating ond redissolving in n 
calcium ia precipitated as oxalate. The i 
separated by evaporating the Jiltrate to dryness and ignit- 
ing the residue to expel all ammouiacal salts. This done^ 
the residue is taken up in water acidulated with hydrft 
chloric acid, and the magnesium thrown down by ammo- 
nium hydrate and phosphate (p. 16). 

The nitrates of barium and strontium are dissolves! 
upon the liltcr in bot water — the solution being thes 
evaporated to dryness in a weighed platinum crucible a 
the residue dried at 140^ C. until tbe weight become 
constant. The nilrutes are converted into oxides by heat^ 
and these then treated with hydrochloric acid, Tbe sol»? 
tion of the chlorides is evaporated to dryness, the residue 
treated with absolute alcohol, when barium chloride w 
remain insoluble. Filler and wash with absolute alcohoL' 
The washed Imrium chloride is dissolved in hot watet)^ 
the solution evaporated in a platinum cnjcible, with addi* 
tion of a few drops of sulphuric auid, to dryness, and t 
barium sulphate weighed. 

After expelling the alcohol from the filtrate, the stron- 
tium is treated similarly. 

Tbe precipitate from the calcium oxalate (Precipitnta 
III.) contains besides the magnesium smiil! quantities of 
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Icium. It is put in a pluljnum ilisli niiit evuporuitiil lo 
ynetis, the ammoniaenl sbIih i^xpi^llcil by heat nnil llii.- 
sidue dieeolved in dilute hydrocliloric neid. Thu ni>^- 
nium is thrown down in tliis M>lulion a« ammoniiim 
BgTicfiium [ihoi>[>hale (p. IG). To ubtaiii the calcium 
intunc^ in the magneeium pyro|ihospfitttc dissolve lite 
Ucr in strong liyd roc h tori c acid, {inicipilate with i 
lum hydrate and again dissolve in act-tit- fwiii. 
Its solution the cHJciuni is precipitated by ammonii 
nxttlate. 

[ Detemnnntion of Polnmium and Sodium \\\l\\ H-aIe«!1 

Kontaiiiing large f|uanlilies uf sodium chloride, the con- 
Bents or oue or two flufiks will be suflteient for tbu |irosi'- 
Eon ot' this determination, while otherwise a mueh 
er quantity ot' water must be worked up. The water 
incentrated in platinum vessels and whilst l>oiliug pre- 
nsipitated with excess of barium hydrate. Evaporate ttie 
titrate in a platinum dish, dissolve the residue in a very 
pnoll quantity of water, and precipitiile the Bltratc wilh 
pmmonium carbonate and hydrate. The filtrate I'rom the 
barium carbonate is evajiorated in a platinum disli. the 
pmraonium Halts expelled, and the. aqueous solution of the 
teeidue again mixed with ammonium carbonale and hy- 
drate. 

If a precipitate of barium carbonate is produced, treat 
the filtrate as Irefore, and continue evaporating and preci- 
Jpitating as long as ammonium hydrate and carbonate pro- 
idnce a precipitate. The final residue, free from ammo- 
niacal salts, is dissolved in water, and the solution digested 
In s platinum disb for 24 hours with frestdy precipitated 
oxide of mercury to precipitate the last traces of magnesia. 
The tillrale is evaporated in a platinum dish and iguiled 
to expel the smjvll qitanlily of moreuric chloriile present, 
tlie residue is dissolved in w little water ai poisiblf, tl,u 
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filtrftlp <iva|ioraU:d to drynefs in a pUlinum crucible witb 
adUitioii of liytlmcliloric acid, aDil (lie perfectly ilfy reaidw 
)iHute<I to a low redness, the crucible being well coTeruL 
The polossiura and sodium are separated accM^g to 
piig(i 41. 

The alkaline chlorideg thos obtained are renderrfim- 
jinre by small quantities of magnesium chloride, Mid con- 
lain moreover all the lithium as chloride. 

To determine the nutgneBiiim chloride the filtnu 
from the [lotnssium -platinum chloride is evaporated npoa 
a water-bath to expel the alcohol, and the residue rinsed 
into a long-necked tinsk. By boiling the liquid the air it 
expelled, and the flask is connecietl with a hydrogen gene- 
rator and heat applied. By this operation not only tlK 
oxcfjBs of platinic chloride, hut also the double sail of plfl* 
tinnm and sodium in the solution, is decomposed, niih 
tho separation of metallic platinum. As soon ns the liquid 
has hocoine colorless, the precipitate is filtered off and tliS 
magnesium in the filtrate thrown down in the usual 
rier. The magnesium pyrophosphate is calculated fat 
chloride, and this deducted from the weighed alkaline 
chlorides (Laspeyres). 

For the determination of the lifhium see later. 

Direct Determination of Sodium Carbonate 

frequently preferred, in the analysis of alkaline minetat 
water, to determine directly the amount of sodium 
boiiate held in solution. To do this boil 100— SOU grms. 
of water for some lime in a platiimm dish, and filter oS 
the scjiarated carbonates of the alkaline earths, etc etw 
The ]hrcuipilate is periectly washed with water, and tliB 
flltrutc Ijalved. The one portion is evaporated to dryness 
with hydrochlorii; acid, and after the complete exptdsic 
of the latter the chlorine in the residue is estimated in the 
usual manner. To calculate the sodium carbonate from 
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silver eliloriile oblnined, there must be ileduclKd from 
Intter the amount of silver chloride which corresponds 
sodium chloride exietiog in the solution. (See Hy- 
hloric Acid Determination.) It mtist also be borne 
when compounds of bromine, iodine and 
liphur are present, tliese are also converted into sodium 
iiloride, and a quantity of silver cliloridc corresponding 
I the sodiam suljihide, bromide and iodide must likewise 
B deducted. Finally there is always some magnesium 
HEsing into the titrate as magneaiitm-sodium cnrbonate, 
rhicb ia chunged to magneeiuni chloride. To deteniiine 
le latter precipitate the magnesium in tlie second portion 
'the above filtrate in the usual manner, calealating from 
le magnesium pyrophosphate the quantity of silver chlo- 
jde corresponding to it. The silver chloride that re- 
laine Is calculated for sodium carbonate. 

Determination of the Lithium and Detection of Vasium 

ltd Subidium. — Generally only slight traces of lithium 

iUmpounds are found in mineral waters, and for their de- 

mmination large quantities of the water are evaporated. 

tf for the determination of the potassium and sodium a 

psther large quantity ol' water was taken, the lithium may 

estimated at the same time with these. The filtrate 

n the metallic platinum is evajiorated to dryness, and 

: residual chlorides of sodium and lithium detracted 

ivith ethereal alcohol. Proceed as directed later. 

When a separate portion of water is used for the lithium 

(tinmtion, the detection of the rubidium and co'sium may 

Et carried on at the same time. For the removal of the 

Ukaline cdrbonntes, ferric oxide, manganese oxide, etc., 

proceed as in the estimation of boracic acid, bromine, 

Buorine and iodine (p. 2G2} ; evapornling the contents to 

dryness after adding sodium carbonate. The residue is 

repeatedly lixiviated with water, and the tiltmte, after 



274 MINERAL WATBll. 

coiicenlrAt.ioD »nd glight aciduialion with hjiirochlnric ] 
acid) is precipitated iu tlie cold with platinic chloriilK, I 
The precipimte produced conlains not only the douUe 1 
eldoridcs of {mtassium and pUttinum, but aualugous salts 1 
of rubidium and coesium, whilst the double chloride of 
platinum and lithium (together with sodium platinic clih)- 
ride) rcraoina iu solution. The detection of rubidium and 
Cfesium in the presence of potassium depends upon tlie 
greater solubility of the double chloride of potassium and 
platinum in water than- the corresponding double salts of 
the other two. The platinum precipitate is filtei-ed after 
standiDg 24 hours, and boiled up 25S0 times in a pia- 
tiuum dish with small quantities of water. Only en< 
water is added to cover the precipitate. If anythii 
deposited from the aqueous decanlations on euoling, this Is 
again subjected to the sitme treatment, added to the (irsl 
residue, and examined in the spectroseope for calcium and 
rubiiUum. 

To estimate the lithium decompose the double sall^ 
with hydrogen (p. 272), and boil the filtrate with barium 
hydrate to remove the alkaliue earths. The excess of 
this reagent, as well as traces of calcium, are removed 
from the liquid by warming the latter with ammonium 
hydrate and carbonate. The Jiltrute ia now evaporated 
in a platinum dish, and the residue gently ignited la 
expel the ammonium salts. Dissolve the residue in water, 
and acidify the liquid which must necessarily be filtered 
with hydrochloric acid. When large quantities of sodium 
chloride are present in the water, it is advisahle t 
move this as far as possible before extracting with alcohol. 
Coneontrate the acidulated liquid, transferring the sodium 
chloride that has crystallized out to a funnel, washing it 
several times with cold water, and treating the mother 
liquor again in the same manner. (Bimsun.) At lost 
the wlutioii is evai)oraleil to dryness on a watcr-batli. 
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heated some time over a free flame to expel the water, 
then rejpeatedly exhausted with a mixture of absolute 
alcohol and ether. This process is continued until a 
small portion of the filtrate no longer yields the flame re- 
action of lithium, when the alcoholic solution is evapo- 
rated on a water-bath, the residue dissolved in water and 
tested with ammonium hydrate and carbonate, and notice 
taken of the precipitation of calcium. If this occurs, 
evaporate the filtrate, and precipitate the solution of the 
residue again with ammonium hydrate and carbonate. 
The residue finally obtained dissolve in dilute hydro- 
chloric acid, and the sharply dried residue of the solution 
treat with ethereal alcohol. Any traces of sodium chlo- 
ride that may remain are filtered off, and the lithium 
determined in the filtrate according to page 106. 

Qualitative Detection of Copper, Bismuth, Lead, Ar- 
senic, Antimony, Tin, Cobalt, Nickel, Zinc, Barium, 
Strontium and Titanium, — These elements exist in such 
minute quantities in mineral waters, that in most cases 
even very large amounts of water are not sufficient for 
their detection. The collected deposit or sinter at the 
mouth of the spring is particularly adapted for this pur- 
pose. It is perfectly purified and freed from adherent 
mineral water by washing with distilled water. For the 
detection of arsenic, antimony and tin, fuse a portion of 
the substance with an equal amount of a mixture of equal 
parts of soda and saltpetre, evaporating to dryness upon a 
water-bath the aqueous solution of the fused mass, with 
addition of dilute sulphuric acid. The aqueous solution of 
the residue is boiled with sulphurous acid to cause a re- 
duction of the arsenic acid, and after expelling this the 
arsenic is precipitated by hydrogen sulphide. The sul- 
phides of arsenic, antimony and tin are dissolved when 
the precipitate is treated with sodium or potassium sul- 
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pliiHu ; and by boiling cliia solution witli an excess 
Biitpliurous acid, and evaporating the liquid to one-third 
its volume, the antimony and tin arc precipitated, whilst 
the arsenic is dissolved (p. 70). The further recognilioa 
is most safely insured by the flame reactions. 

To detect the remaining metals digest a second porlioa 
of the spring deposit with hydrochloric acid, and evapo- 
rate to dryness on the water-bath. The residue is dis< 
solved in dilute hydrochloric acid, and hydrogen su1phid6> 
conducted into the liquid. The precipitate produced is> 
oxidized with fuming nitric acid to eOect the destruction 
of any organic matter mixed with it. For the separation. 
from arsenic, antimony and tin neutralize the solutioa 
with potnaaium hydrate, and digest with sodium sulphide. 
Tlic insoluble sulphides are dissolved in nitric acid, and 
the lead removed with sulphuric acid. In the filtrate are 
copper and bismuth, which are separated by ammonium 
carbonate. The precipitates obtained should be mor^' 
closely examined according to Bunsen's sug 
duction by particles of carljon.* 

To get out the cobalt and nickel in cases where th*> 
sinter contains considerable iron, Bunsen recommends that 
the filtrate from the hydrogen sulphide precipitate, after 
tjie expulsion of the gas, be neutralized witji sodium car- 
bonate, and boiled with freshly precipitated manganese 
sulphide. Cobalt and nickel pass into the precipitate, 
and ore afterwards separated from the manganese with 

Barium, strontium, and titanium must be sought for 
tlie usual manner in that jKirtion of the sinter insoluble 
hydrochloric acid. The residual silica should be uxai 
ined for titanium (p. 125). 



' Sue Bunsuu's " Flainmonreactiom:!] 
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I Comporition Ferric oxiile, alumina, manganic oside, 

L oxide, magnesia, potassium, sodium, silicic acid, 
bon dioxide, pliosplioric, suljiliuric, and hydrochloric 




Li: ash Ilin purls ol' pUiHs dried at 100° C, 
B B«e(I, fruit, etc., are incineraled either in a muffie or 
Ka lai^ platinum dish at us low u temperature as pos- 
Bible. In oil instances the latter method is applicable, if, 
according to P. Scliulze, the air-draft be increased by a 
lamp cbimney, extending some distance in the dish. 
ilJFig, 28.) The incineration begins at a low red heat, 
volatilization of the alkalies need not be feared. 
21 
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When the weight of the dish becomes constant, the ash 
is finely pulverized, and preserved in a corked bottle. 
Transfer to a glass cylinder of about 300 C. C. capacity, 
and that can be well closed, about 10 grms. of ash, and 
20 C. C. of water are then poured in, and the cylinder 
and the latter filled with carbon dioxide. Close the same 
and shake. Add more carbon dioxide, and shake, and 
repeat this operation until the liquid becomes colorless. 
The contents of the cylinder are rinsed into a dish, 
evaporated upon a water-bath, and the residue heated 
for some time at 160° C. If any calcium carbonate has 
crystallized out upon the sides of the cylinder, and cannot 
be removed by wiishing, add some water, and pass in a 
current of carbon dioxide to convert the calcium carbonate 
into the soluble hydrocarbonate. For the perfect removal 
of the alkaline salts extract the dry residue with water, 
bring the insoluble portion upon a filter dried and weighed 
at 100° C, and again concentrate the filtrate by evapo- 
ration. In this operation calcium sulphate usually sepa- 
rates out, and is also brought upon a weighed filter and 
])reserved for some time. The filtrate from the gypsum 
is caught in a weighed dropping flask, care being exerted 
that no drops sprinkle the sides of the vessel, and that 
the point of tlie funnel does not come in contact with the 
filtered solution. (Bunsen.) 

The aqueous extract of the ash contains, besides little 
quantities of the phosphates, the alkalies as carbonates, 
sulphates and chlorides. The residue consists principally, 
besides the silicic acid, of the carbonates and phosphates 
of the alkaline earths and also ferric oxide, alumina and 
manganese oxide (and manganese protosesquioxide). 

Immediately after the filtration (having mixed the solu- 
tion well) the aqueous extract of the ash is divided into 
five portions, determining in the first the chlorine by add- 
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ing silver nitrate, nitric acid, and then applying heat. (See 
Pl7.) 

The second portion serves for the sulphuric acid esti- 
mation, by precipitating it from a hydrochloric acid solu- 
tion as barium sulphate. 

For the estimation of the alkalies the third portion is 
boiled with barium hydrate, and the method of procedure 
followed which is fully explained at page 271. 

The third portion is acidified witli hydrochloric acid, 
and boiled to decompose the carbonates, then rendered 
alkaline with ammonium hydrate, and the precipitate 
produced dissolved in a small quantity of acetic acid. From 
this solution precipitate the traces of calcium by ammo- 
nium oxalate, and after creating an alkaline reaction 
in the filtrate by addition of ammonium, precipitate the 
phosphoric acid remaining in the filtrate from the ammo- 
nium-magnesium phosphate by addition of a magnesium 
chloride solution (p. 25). 

When phosphoric acid is not present, the usual method 
for the separation of calcium and magnesium is followed. 
The carbon dioxide is determined in the fifth portion 
either by direct weighing (p. 33) or from loss in weight. 
(See Soda Analysis.) 

For the analysis of the weighed residue of the ash inso- 
luble in water, after having mixed it well in an agate 
mortar, pour over it nitric acid (about 2 grms.) containing 
some nitrous acid,* and digest upon a water-bath to com- 
plete solution. Evaporate the liquid to dryness with ad- 
dition of nitric acid, and filter oif the silicic acid. The 
filtrate is reduced to a definite volume, and the phosphoric 
acid estimated with ammonium molybdate in a measured 
portion (or when weighed, in a weighed portion, p. 25). 

After removing the excess of nitric acid by evaporation, 

* This is added to dissolve the manganese protosesquioxide. 
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m\x ft portion or the entire quantity of liquid with ft w 
eicnt amount of lend aeetitte to preci|>itate the {ihoBphorie 
acjil, and remove the excess of the former in tlie Jiltnile by 
liydrogon sulphide (p. 114). Exjiel the excess of the 
latter reagent by boiling, convert the ferrous into ferrij 
oxide, and precipitute the aluminum and iron in the boil- 
ing liquid with ammonium hydrate. It is advisable to 
redii^solve in hydrocliloric acid tlie filtered and imperfeellf 
washed precipitate and repeat the precipitation. IroQ 
and aluminum may be separated according to the methods 
given on pages IKI and !2(!9. The precipitate may yet cow 
tain phosphoric acid, if the precipitation of the latter ' 
lead acetate was effected in a very acid sohttian. Th« 
manganese is thrown down in the filtrate of the ammoniiir 
precipitate by u few dropn of ammonium sulphide (see { 
21), and the excess of the latter destroyed with hydro 
chloric acid. The calcium and magnesium are separated 

Instead of treating portions of the filtrate from thi^ 
silicic acid for the estimation of the phosphoric acid ai 
tlie bases, it is possible, if the method of Reiissig tie pun 
sued, to effect the separation of tlie oxides simnllaneonsly 
with the determination of the phosphoric acid. Tha 
liquid is mixed with a weighed quantity of pure tin (abont' 
2-3 grms.) ond fuming nitric acid (p. US), then dige«te4 
until oxidation ceases. When the precipitate of tin phoS> 
phate and oxide has fully subsided, filter off the cleat 
supernatant liquid, wash the precipitate perfectly on th4, 
filter and digest in a platinum dish with a small amount 
of conceutmled potassium hydrate.* 

Dilute the alkaline liquid, containing potassium pho9« 
phate and stannate, in a Htrc flask with about 900 C. C^ 






a prceipitnle inaohihle in this i 
s not observed. 
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of hot water, and saturate the solution with hydrogen sul- 
phide gas. If a precipitate of iron sulphide forms, filter 
it off, returning the filtrate to the flask again, and render 
the same slightly acid by the addition of dilute sulphuric 
acid. Fill the flask to the " mark " and determine its 
weight. After the tin sulphide has subsided — after twelve 
hours — filter about two-thirds of the clear liquid through 
a dry filter into a weighed flask and reweigh this. The 
weighed filtrate may be used to estimate the phosphoric 
acid. To this end, the liquid, strongly concentrated by 
evaporation and after neutralization with ammonium hy- 
drate, is precipitated by addition of magnesium chloride 
(p. 25). 

To ascertain the relative weight of the liquid used for 
the phosphoric acid determination to that of the entire 
quantity, it is only necessary to deduct the quantity of 
stannic sulphide corresponding to the metallic tin taken 
from the entire weight of the flask contents (about 1000 
grms.). 

Ferric oxide, alumina, etc., are in the filtrate from the 
tin phosphate and oxide. To remove any impurities 
(generally copper) introduced by the tin, conduct a stream 
of hydrogen sulphide into the liquid, treating the filtrate 
as above (oxidation with nitric acid, precipitation with 
ammonium hydrate, etc.). 

A fresh portion of the insoluble residue of the ash is 
employed for the estimation of carbon dioxide, silicic acid 
and sulphuric acid. 

The carbon dioxide may be determined by direct weigh- 
ing or by difference (p. 33, and see Soda). After com{)lete 
decomposition the contents of the flask are eva[)orated to 
dryness in a platinum dish, the silicic acid separated as 
usual (p. 124), and the sulphuric acid precipitated with 
barium chloride in the filtrate from the silicic acid. 

24* 



t!«]ciuni uliloriile fask C and 0(1011 tii6 other tlic pt-ar- 
fthapcd tube A, which acts a^ a receiver for the ammonia. 
Ii contains a measured volume of oxalic or sulphuric acid 
of known Bti-engtb (about 10 C. C. oxalic acid containing 
0.63 grra. C,H,0.+ 2II,0, or 0.49 gnu. sultihuric acid 
corresponding lo 0.17 gnn. ammonia). 

Weigh off a portion (5 to 10 gnns.) of the guano. 
Push tlie bnat S into t)ie tube a, and connect the latter 
with C and A ; bring llie water in W to boiling, and at 
the same time draw a current of air tlirough the apparatus. 
As soon as the weight of tlie boat ie constant, titrate the 
nn neutral] zed oxalic acid or sulphuric acid with sodium or 
nmmonium hydrate, and subtract the calculated ijuantity 
of ammonia from the lu^ in weight the boat has sustained. 

Delermination of the Non-volatile {fixed) Comtituenlt 
in the Guano — Proceed exactly as described in the analy- 
eis rf tlie ash (p. 277), heating the residue from the water 
determination in a platinum dish at a Tery low tempera- 
ture until the weight becomes constant. If alkaline car- 
bonates are ])rcsent, these may lose, according to tlie 
temperature, a ])ortion of their carI>onic acid ; it is thert-- 
fore neceesary to moisten the ignited residue again with 
ammonium carbonate, and after gentle ignition reweigh. 
The resulting ush should he kept in a well-closed gh^^s for 
the future delerniination of single constituents. 

Delerwinalion of the Non-rolatile Con»titue»ts — *cpa- 
rate/y.—Usnally the determination of phogplioi'ic acid, 
sulphuric acid, calcium and the alkalies, is all tLat is 
necessary. As regards the phosphoric acid— heretofore it 
has been estimated in such a manner that a weighed por- 
tion of the ash was digested some time with nitric acid, 
and (he plioaphoric acid in this solution determined gravi- 
metrically or voJumelrically. Gilbert first called altentiou 
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to the fact that, upon digesting the ash with nitric acid, 
the pyrophosphate that had been formed by igniiitm wiis 
not fully converted into the ordinary phosphoric acid, and 
consequently this acid existing in the residue as calcium 
pyrophosphate was thus withdrawn from the estimation. 
The conversion succeeda, however, readily and perfectly. 
if, pursuant witli the suggestion of Gilbert, the incineratiid 
guano be fused in a platinum crucible with four times its 
weight of a finely pulverized mixture ot two part^ soda 
and one [uirt potassium chlorate.* 

The ftjsion occura at a low i-ed heat and is continued 
until the ignited mass becomes white, when the heal is 
increased to a strong glow for a quarter of an hour. Pour 
out the liquid contents into a platinum dish (p. 40), digest 
some time upon the water-bath with addition of water, 
and add nitric aciil finally to acid reaction. In the pres- 
ence of silicic acid the solution is evaporated to dryness, 
and tliB residue dissolved in waler and nitric acid. De- 
termine the phosphoric acid in the filtrate from the sUicic 
acid, vol u metrically or gmvimettically. The precipita- 
tion with ammonium molybdate precedes the gravimetric 
determination (see p. 25). To convert the nitric acid into 
an acetate solution for the purpose of determining the 
phosphoric acid vol u metrically, dissolve the precipitate 
produced by the addition of sodium hydrate in the least 
possible ([uantlty of acetic acid. When iron and aluminum 
are present, their phosphates [Fe,(POJ, or A1,(P0,)J 
will remain insoluble in acetic acid. If the precipitate is 
pure iron or aluminum phosphate, it is fillered off, washed 
with hot water, ignited, weighed, and the phosphoric acid 
contained in it calcubted. If, however, the precipitate ia 



' Siiltpetre may roplat'e potassium chlorsto, and is preferable 
■use the subEtnnce analyzed leaves a difficuhly combustible 
Idiie, rjtij Lti iiitri^eiions mntt'riid. 



OUANO, 



283 



a mixture of the two eomixiunds in considerate quantity, 
snii tlie determination of tlie pliosplioric acid is to be ac- 
curate, the latter i^ separateil from the bases by the niethwi 
[iropoaed on pi^e 2G8. For the rest, see page 117. 

The sulphuric acid is determined by dilating a second 
[lortion of the ash repeatedly with nitric acid, evaporatiug 
the solution to dryness on the water-bath, dissolving the 
residue in dilute hydrochloric acid, and precipitating the 
sulphuric acid in the filtrate with barium chloride. 

The chlorine is most advantageously determined in the 
nitric acid solution of a third portion of ibe ash by evupo- 
ratiug it to dryness with sulphuric acid, forming calcium 
sulphate (p. 114). 

The solution of a fourth part containing the alkalies is 
freed as much as [lossible from nitric acid, and tiiese de- 
termined after boiling with barium water, and treating 
the filtrate with ammonium carbonate (p. 271). 

In a complete analysis of the fixed coustitueuta, all the 
BUbslanccs present, excepting tJie alkalies, may be deter- 
mined in the same solution. Fuse as above with soda 
and potassium chlorate, reducing the liquid filtered from 
the silicic acid to a definite volume. If the quantity uf 
calcium sulpliate in guano is to any degree considerable, 
the residual silicic acid will stubbornly retain a portion of 
it. Digesting the latter repeatedly with small quantities 
of nitric acid is then absolutely necessary. 

The phosphoric and sulphuric acids are separated and 
determined as usual in a measured portion of the liquid. 
Before bringing the barium sulphate on a filter, boil it up 
repeatedly with water, and, after ignition, treat with dilute 
hydrochloric acid (p. 15). 

To estimate the remaining constituents, the phosphoric 
acid is separated with tin from a second ^wrtioii of the 
solution, and the method (p. U.'i) then followed iu its 
I>articulurs. 



i88 GUANO. 

sodium hydrate, manganese binoxide mixed in, and the 
method followed which has already been described. 

Determination of the Uric Acid, — The uric acid is 
readily dissolved by gently warming the guano with 
sodium hydrate. Concentrate the filtrate by evaporation, 
and acidulate it with dilute hydi*ochloric acid. After 
standing twenty-four hours the separated uric acid is 
brought upon a filter, dried and weighed at 100° C, 
washed with small quantities of water (best with an ex- 
haust pump), and dried at 100° C. until constant weight is 
obtained. 

Determination of the Entire Nitrogen, — The method is 
founded on the principle, that nitrogenous organic sub- 
stances, when fused with an alkaline hydrate, form alka- 
line carbonates, whilst the hydrogen of the alkaline hy- 
drate combines with the nitrogen to form ammonia. 

As an alkaline hydrate, there is generally employed a 
mixture of one i)art sodium hydrate with two parts oxide 
of calcium — the so-called soda-lime. The ammonia libe- 
rated by this process is eitlier taken up in dilute hydro- 
chloric acid, and the quantity of }llatinum-ammonium 
chloride and platinum determined (p. 39), or oxalic or 
sulphuric acid of known strength are used for this pur- 
pose. If 10 C. C. of an oxalic acid solution are taken 
with 0.G3 grm. C,H,0,+2Hp, or 0.49 grm. sulphuric 
acid (see above, p. 283, Determination of the Water in 
Guano), these will correspond to 1.14 grms. nitrogen. 

In the quantitative estimation of ammonium chloride, 
for the absorption of the ammonium produced, the appa- 
ratus of Varrentrapp and Will or that of Arendt and 
Knop is employed as receiver. (Figs. 30 and 31.) 

The latter has an advantage over the other in that it 
possesses a second bulb, which will certainly prevent the 
acid from passing back into the combustion-tube. These 
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forms of apparatus may be replaced by the absorption 
apparatus figured on page 170, which is particularly 
adapted to the employment of volumetric methods. To 
glow the soda-lime take a combustion-tube of difficultly 

Figs. 30 and 31. 





fusible glass, and about 40 Cm. long, which is drawn to a 
point at one end, and bent upwards (Fig. 32). The back 

Fig. 32. 




portion of the tube is filled with a layer of ignited soda- 
lime about 10 Cm. long,* the weighed quantity of guano 
then introduced, then another 10 Cm. layer of soda-lime 



* Alwavs test the soda-lime for nitrous acid. 
25 



rtiieil with the guauo. The miX 
1 of an iron wire (Fig. 33) aliape 



like a cork-acrew, wliicli is stirred about in the tube, bring- 
ing the guano near the middle of the 20 Cm, layer of » 
lime. The anterior portion of llie tube is filled with 
another Bodn-lime layer, about 10 Cm. long, so that be- 
tvreen it and the cork there remains an unoccupied space a 
4 to 5 Cm. Fill in loopely ignited asbestos, and by tap- 
ping on the oatside of the tube produce a small channel 
within. After joining the absorption apparatus with tho 
conibuBtion-tube, commence heating the latter at the frontj 
continuing the ignition gradually along its entire length. 

When there is a large amount of nitrogen it can o 
that during the absorption of the ammonia tlie hydro- 
chloric acid will suddenly run back (retreat), and a por- 
tion of the same entering the tube will occasion the loss 
of the analysis. This may be avoided if the guano it 
vionsly mised with an equal ({uantity of pulverized sugar^ 
because the gaseous decomposition products of the sugar 
will dilute the ammonia gas, and Ihc absorption will be 
loss violent. 

Determination of the Knlire Quanlity of Ammon 
The ammonia in guiino cannot be determined by the dis- 
tillation of a weighed portion with sodium or potassium 
hydrate, because the protein substances contained i 
(the guano) will also be decomposed with the liberatiun 
of ammonia. This latter decomposition, however, 
not occur if calcium hydrate (milk of lime) or bnroedh 
magnesia is substituted for the alkaline hydrate, 
rcgiu-ds Ihe eniplojuienl of milk onime, SchlQssing, 
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jiTOposed this metfaod, found that the expulsion of the 
tunmonia was only complete whi:n the lime-water was 
Hllowed to act in the cold upon the substanco to be de- 
mposed. The decomposition should occur either under 
the well-ground bell-jar of a desiccator or a beaker glass, 
closed about with meroury. Hydrochloric (dilute), oxalic 
•I sulphuric acid of known strength is taken as absorb- 
ent for the ammouia, and the vessel containing the acid 

lupported with the aid of a glass tripod or triangle 
directly over the dish filled with the guano and excess of 
lime-water. To prevent the loss of ammonia, it is advis- 
able to odd the milk of lime to the weighed guano, when 
every preparation is made for the absorption of llie am- 

lia. Then rapidly place over the vessel the bell-jar or 
beaker. After standing twenty-four hours the decompo- 
sition is complete. One may be eaaily assured of this by 
introducing a moistened piece of red lilmua paper under 
the jar, when its color should remain unaltered. 

t is necessary, when using burned magnesia (Boussig- 
nault's method) to effect tJie decomposition of guano con- 
taining ammonia compounds, to boil the mixture, and 
follow exactly the course directed in the eatimalion by 
lulling with sodium hydrate (p. 38). 



Superphosphates. 



Compositiim The superphosphates contain not only 

calcium phosphate, but also varying quantities of calcium 
sulphate, calcium chloride, iron phosphate, tree plius- 
phoric acid, water, and generally saiid, carbon and organic 
matter. 

In moat cases tlic valuation of these products consists 
1 the estimation of the soluble, the so-called reverted, 
od tbo insoluble (crude) phosphoric a»iid. 
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For the complete analysis of superphosphates proceed 
precisely as in preceding examples. First of all, the 
water is ascertained in a portion by drying it at 160^- 
180^ C. until constant weight is obtained. 

The constituents soluble and insoluble in water are 
estimated by grinding about 10 grms. of the undried pre- 
paration in a porcelain mortar, with addition of cold dis- 
tilled water, until the mass is perfectly divided; then 
filter and continue extracting the residue on the filter with 
small quantities of water (using the exhaust pump) until 
the filtrate no longer shows an acid reaction. The residue 
is reserved for further investigation, the filtrate re- 
duced to a definite volume (500 C. C), and four measured 
or weighed portions used in determining the organic sub- 
stances and alkalies, the sulphuric, phosphoric and hydro- 
chloric acids, and the alkaline earths. 

Tlie orgiinic material and alkalies are ascertained by 
evaporating the first portion in a platinum dish to dryness, 
barium liydrate is added to alkaline reaction and again 
evaporated, and the weight of the residue, dried at 100° 
C/., ascertained, then ignited as on page 277. The differ- 
ence in weiglit will represent the organic material. Boil 
the ignited residue a second time with barium hydrate to 
separate calcium, magnesium, etc., and determine the 
alkalies in the filtrate according to page 271. 

In the second portion of the solution the sulphuric and 
hydrochloric acids are estimated as usual. If the aqueous 
extract is strongly colored by dissolved organic substances, 
these must be destroyed to estimate the hydrochloric acid. 
Evaporate to dryness in a platinum dish, with addition of 
sodium and potassium nitrate, and determine the acid in 
the aqueous extract of the mass. 

Phosphoric acid and the alkaline earths may be deter- 
mined in the same (fourth) portion. The solution is 
evaporated to dryness with addition of sodium carbonate, 



SUPERPnOSPHATES. 293 

"the residue ignited and fused with a mixture of sodium 
carbonate and potassium chlorate (p. 284). The nitric acid 
solution of the cooled mass is rendered alkaline by sodium 
hydrate, mixed with acetic acid, * and the liquid reduced 
to a definite volume. In an aliquot portion determine 
the phosphoric acid either volumetrically or gravimetri- 
cally, the rest of the acetic acid solution being mixed with 
ammonium oxalate, and in the filtrate from calcium oxa- 
late throw down the magnesium with ammonium hydrate 
and sodium phosphate (p. 1 G). 

The further treatment of the portion insoluble in water 
follows from what has already been written (p. 283). Its 
weight is first determined by drying the residue, together 
with the filter ash, at 180° C, until the weight becomes con- 
stant, and ascertaining the percentage of organic material 
by the loss upon ignition. The residual fixed constituents 
are fused with sodium carbonate and potassium chlorate, 
proceeding in general as directed at page 284. 

Nitrogen and ammonia arj determined as indicated in 
the Guano analysis. 

Determination of the Phosphoric Acid Soluble in 
Water. — The method follows from what has already been 
remarked in preceding examples. Two different methods 
serve for the extraction of the soluble acid — the digestion 
and washing processes. The first method consists in 
pouring gradually about 500 C. C. of cold distilled water 
upon a quantity of superphosphate, shaking repeatedly, 
and filtering the liquid after standing from 2 to 3 hours. 
The method results differently according to the time the 
substance is digested with water. It is not applicable 
when considerable quantities of ferric oxide and aluminum 

* When iron and aluminum phosphates remain undissolved, 
their quantity is determined in a separate portion (p. 284). 

25* 



are contnined in the auperphosphate, beuauae the soliiblf 
iron or Bluniiiiiim phosphate gradually docum^ioses wilt 
water and sc|jarales as an insoluble tribasic phosphate or 
ironortiluminuiu ( Rilmphir). The results areconseqaently 

The washing method has already been described above. 
(Determination of the (.^onatituents of superphosphates 
— soluble or insoluble.) This yields the most accurate 



n of the phosphoric acid itself, pur- 
sue the course given on jiage ii84 ; evaporate with sodium 
carbonate, and fuse the ignileil residue with the same nnd 
jjotassium chlorate, precipitating the acid fi-om the nitric 
acid solution with ammonium molybdate or titrating with 



Determination of the reverted Phoiphorie Jcirf.— The 
residue after extracting the soluble acid with water is 
used. Fresenius discovered, that if this residue he treated 
with ammonium citrate (acid ammonium citrate) of sp. 
gr. 1.09, only the acid calcium phosphate 2CaO.H,O.P,0j 
is dissolved whilst the undecomposed calcium phospliaW 
existing in the superpliosphate remains pej^ectly insoluble. 
After treating about 2 grms. of the superphosphate with 
wuter, the residue ia washed jterfectly with aid of a wash 
bottle filled with a solution containing 100 C. C. ammo- 
nium citrate of 1.09 sp. gr. into a beaker glass, this then 
digested I'nr half an hour at a temperature of from 30° ia 
4(1° C. and filtered. The insoluble residue is washed out 
with a mixture ot equal parts of the above ammonium 
citrate solution and two to three times as much water. 
The filtrate ia evaporated to dryness in a platinum dish 
and llie reaiduc ignited alone and then with sodium car- 
bonate and nitrate and the temperature greatly increased. 
Al'ter cooling the resiihic is tri'ati'd with water, the liquid 
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acidulated with nitric acid and heat applied until the solu- 
tion is complete. Precipitate the phosphoric acid in the 
solution with ammonium molybdate, or titrate it with a 
uranium acetate solution (p 118). 

The quantity of the reverted phosphoric acid may be 
indirectly calculated from the difference. In this case 
determine the entire quantity of phosphoric acid remain- 
ing after treating with water and ammonium citrate, both 
that soluble and insoluble in water. 

If b represents the sought quantity of reverted phos- 
phoric acid, 
aS' the entire quantity of acid, 
a = portion, soluble in water, 
c = the insoluble, then 

S^a -\-h -^ c and b = S — (a -(- c). 



Bone Dust. 

In a complete analysis not only the fixed constituents 
contained in the bones but also the fat and gelatigenous 
substances must be regarded. 

The water is determined by drying a sample at 125° C. 

For the estimation of the total amount of the fixed con- 
stituents proceed as directed in the analysis of Guano, and 
ignite 5 to 10 grms. of the undried powder, until the ash 
appears white. The residue is used in distinct, portions 
for the estimation of the fixed constituents, proceeding as 
on page 283. In many instances in the analysis of bone 
dust merely the phosphoric acid is to be determined. The 
ignited residue (not necessary to be burned white) is fused 
with four times its weight of a mixture of two parts soda 
and one part nitre, proceeding as on page 283. 

The fat is estimated by exhausting a weighed portion 
of the undried powder with anhydrous ether, the latter 
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driven off, and the weight of the residue dried at 100° C. 
determined. 

Gelatigenous substance cannot be directly determined: 
the amount of it is expressed bj difference, if from the 
total weight of the fixed constituents, fat, carbon dioxide 
and water are deducted. 

Nitrogen and carbon dioxide are determined as in 
Guano. 

Bone Black. 

Bone black presents a mixture of calcium phosphate, 
carbonate, and carbon, and contains generally small quan- 
tities of feri'ic oxide, magnesia, soda, sulphuric acid (flu- 
orine), etc. 

Determine the moisture by drying a sample at 120° C. 

A second portion of the powder (about 5 grms.) is taken 
for the estimation of the carbon dioxide (after page 33), 
and the remaining constituents. The hydrochloric acid 
solution remaining in the apparatus is filtered through a 
weighed filter, and the residue dried at the same tempera- 
ture until the weight is constant. This consists of carbon, 
the insoluble organic material, as well as sand and clay. 
By igniting to complete combustion of the carbon, sand 
and clay will remain ; the quantity of carbon and other 
organic matter is expressed by the difference. 

The hydrochloric acid solution filtered from the carbon, 
and containing calcium, magnesium, ferric oxide (alka- 
lies), phosphoric and sulphuric acids is examined accord- 
ing to the method described in the analysis of Plant Ashes 
on page 277. 

Wlien hydrochloric acid is contained in bone black it is 
determined in a separate portion (p. 287). 
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Fuel. 



According as the fuel under examination is to be ap- 
plied, a perfect analysis (estimation of carbon, hydrogen, 
nitrogen, sulphur and ash), as well as an estimation of its 
technical value in producing heat effect and coke, etc., 
may be of interest and desirable. 

Determination of the Water, — The amount of water is 
expressed by the difference in weight of a finely pulverized 
and weighed sample dried at 125° C. Owing to the 
porous property of individual fuels, as well as their ability 
to absorb gases, it is necessary to weigh the substance in 
a tightly covered glass, and ascertain the weight of the 
dry sample immediately after cooling. 

Determination of the Carbon and Hydrogen. — Deter- 
mine the carbon either according to page 221, or if the 
estimation of the hydrogen is not needed, after the method 
of Ullgren (p. 229). 

In applying the method described on page 221, replace 
the porcelain tube with one of glass about 60 Cm. long, 
and drawn out to a point at one end. Use lead chromate 
in burning. As the hydrogen is calculated from the 
water produced, care must be taken that the combustion 
tube and lead chromate are perfectly dry. The tube is 
most easily freed of moisture by moving it back and forth 
in a smoky flame, and sucking out the heated air with the 
aid of a long glass tube. While yet hot it is closed with 
a cork containing a calcium chloride tube, and allowed to 
cool. In the mean time the lead chromate may be 
heated in a copper or porcelain crucible, and, while 
warm, introduced into a tube or flask that can be well 
closed. 



298 rucL. 

The fining with lead ehromate and the sabstanee » the 
mmo. ufi (lewrif>ed on page 28?^, After mixing well, the 
front fHirtion of the tube h filled with a layer of lead 
ehromnte IT; Cm. long, and then, afier ereadng a cfaannd. 
)ty tftfyfying on the tube, a copper wire roQ is introduced. 
To cfttch the water produced, the anterior part ef tiie 
tube iff rrmnoctcd with a calcium-chloride tnbe previoa^ 
wolghml, find thiA joined with the soda-lime tubes (p. 34) 
and the unwcighed protection tube. As in using lead 
chronmtn no Ktilphurous acid is formed, the addition of 
t\ tiibf! with chnmiic acid is not necessary (p. 223), and 
it U ndviffii1)lo, to enable one to control the coarse of the 
conilMiRtion, to substitute Liebig's bulbs (Fig. 34) for the 

Kig. 34. 




poflii-llinn tiiho, mnl to inrt(M't this between the calcium 
chlnrhlo inbn ivnil thivt filled with soda-lime. So much 
pcitiiPRiiiin hydmtf^ of 1.27 Bp. gr. is filled in the apparatus 
that, upon Rttcking at tho tube a, the large bulb will be 
about liaH-filhMl with ]i(iuid. 

Owing to th(^ nitrogen in the fuel the combustion can- 
not bc! niado directly in a stream of oxygen, because this 
would favor the production of nitrogen trioxide, and the 
in(U*ea«e in w(^iglit of the apparatus would be far beyond 
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the proper limit. The front portion of the tube is first 
heated to a faint redness, and tlie ignition gradually con- 
tinued along its entire length. If almost all the carbon 
and hydrogen are in this manner oxidized to carbon di- 
oxide and water, indicated by the retreating (sucking 
back) of the potassium into the large bulb, connect the 
drawn-out point of the tube with an oxygen gasometer, 
and continue heating for a quarter of an hour, with a slow 
current of oxygen passing through the tube. Now inter- 
rupt the combustion, and ascertain the increase in weight 
of the calcium chloride tube and both vessels intended for 
the absorption of the carbon dioxide. 

When there is a high percentage of ash, and in the 
presence of carbonates, regard must be paid to the in- 
structions on page 28(5. 

Determinatio7i of Nitrogen, — (See p. 288.) 

Determination of the Sulphur, — The process described 
on page 134 is very applicable in estimating the sulphur 
compounds (iron sulphide) contained in the material 
under investigation. A sample of the fuel is weighed* 
off in a porcelain or platinum boat, the latter shoved 
into a combustion tube, which is connected upon the 
one side with a gasometer filled with oxygen, upon the 
other with the absorption apparatus (p. 135) serving 
for the oxidation of the sulphur. On heating the sam- 
ple in the boat in the oxygen stream, all the sulphur will 
be oxidized to sulphurous acid, which is conducted into 
a bromine solution and changed to sulphuric acid, and 
determined as barium sulphate (p. 136). 

* To analyze the ash, take for the determination about 1 
grms. of substance. 



IMM) FCKL. 

Anfily$t$ of ihif AmL, 

'Vht^ ffnliliH) from ilf#; above cuMiibiBiMW wiflD anffiR' &v 
Utift Mtml^MU, whirh i» executed as gircB «b gia^ 22riL 

jUhfiiihtuiian of the Jfeating Pe^tter. MeAsd ^Btr- 
IhtPi'xx^-Wmt^A upon Welter's law, aeccvdii^ lowlKiiAe 
(|fmtHli)^ of warmth which combustibles wSard vpoB i^ 
tiMtl ifi |tro|tnrUc)tml to the oxjgen wblch m« mipiic^ 
^M* (l(«i (MititlMmiiott of the carbon and fajdrogen eoottuBC^ 
JM (It^ttli Althott|;h Fttvre and Silbermami bare dioiri^ 
ilml \\\^ IttW of WoHer is not exactly correety h git** 
ftUltloi^Mdy HiMMimto r(!suhs for the technical TaloatioD o^ 
Mml^HM Intt^ttihMl for heating purposes. 

A ^tmiMlut^ of tho pulverized and dried material 
plm^ptl In w (M'urlhio together with 40 grms. of litharge^ 
Vi\\\\ \\\\^ IuUMuhi covered with 30 gnns. more of th^^ 
i^htup lautiiBlt^tu^ni niid gmdunlly heated to a red glow, the 
MMlHIMiH* of HMJuolug gUHes heiiig avoided. The tem- 
pMtnlMH^ IMU^I Ito m> reguhited thut the litharge does not 
liPinMhP liijuid uutll the ourbon Iihh been burned. After 
i^uMioh W^v lbrt'f^M|MHrt(TM of un hour, the reduction will 
W »MMU|»U»Us Tht' li<pud litharge is then either poured off 
hiMU \\\\^ l»md («•♦»♦' p. |H(»),<)r the crucible, that has cooled 
lalMwI^Vi irt bvokon opt'Ui und the reduced lead freed from 

^rhll'lv-foiu' pni'tK of reduced lead correspond to one part 
of pur«^ tnu'boMi If <i n^presents the found quantity of 

Icttdi til 1'^'* expiVHHCH the relation of the burning value 

of the l\icl to that of the pun> carbon. Was there, for 
example, after the I'cduction of 1 grm. of the fuel, 10 
grtuH. of uuMallic lead, its heating value would be 
j^J 100; 21). 11 \\vv ctMit. agjunst that of the pure carbon. 
Forchhanuner ustul a nnxtuix^ of three part^ of lithai'ge 
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and one part of lead chloride, instead of the pure litharge, 
for the reduction. This in individual cases (e. ^., turf 
and wood) answered better than the pure litharge. 

The presence of a large quantity of iron sulphide in the 
fuel renders the estimation inaccurate, because it has a 
reducing effect upon the litharge. 

Determining the Coke This estimation is usually so 

executed that 20-40 grms. of the coarsely powdered and 
dried material (125° C.) are heated in a well-closed cru- 
cible over the gas lamp as long as combustible gases escape 
between the crucible edge and cover. When the gas 
liberation has ceased, the yet hot crucible is placed in a 
desiccator, and its weight determined immediately after 
cooling. If it is expected to obtain accordant results by 
this process, care must be taken that all the samples are 
examined, if possible, under like conditions, as gas pres- 
sure, similar lamps, and in one and the same crucible. 



Soda Ash. 

For the valuation of the commercial soda, generally the 
amount of sodium carbonate is all that is estimated, for 
which purpose two different ways may be pursued. 
Either the carbon dioxide is determined, or the aqueous 
solution of the substance is neutralized with an acid of 
known strength, and the sodium carbonate calculated 
from the found dioxide or from the volume of the stand- 
ardized acid used. 

In regard to the first process, the carbon dioxide is gen- 
erally estimated by the loss of weight which the sample 
suffers when decomposed with acids, less frequently by the 
direct weighing of expelled carbon dioxide as described 
on page 33. 
26 
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Oi the many proposed forms of apparatus for determining 
tlie carbon dioxide by loss of weight, I will here mention 
more minutely only two — that of Fi-esenius and Will, and 
that of Mohr. 

Fig. 35. 




The first (Fig. 35) consists of two flasks, K and K', 
which are connected by the glass tube h, K contains the 
siilpliuric acid, serving for the decomposition of the sample; 
K' for tlic solution of the carbonate. The glass tube d is 
closed at its exterior end c with a wax -ball, or better with 
a little plug of wood or small glass rod; the tube a is open 
at botli extremities. Fill K about half its volume with 
conccntratc^d sulphuric acid, and K' to one-third its capa- 
city witli water, introducing then into the latter flask the 
samph> of tlie soda ash,* dried at 100° C, and determine 
tlie weiglit. 

TIk; air in both vessels is diluted by sucking on a rub- 
ber tube attached at a, whereby a portion of the sulphuric 
acid passes over through 5, toward K', and the carbonate 
is decomposed. The liberated carbon dioxide must pass 
through the remaining sulphuric acid in K, as {^ is closed 



* The water in the soda is ascertained by igniting a separate 
portion. 
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at e. When ihe disengagement of gas in K' ceases, auck 
Bj^ain at a, and repeat tliis operation until all tli<; sodium 
carbonate is iuilj decomposed. Finally all the Bulphuric 
acid is allowed to pass over into K; tliis is attended with 
Budi an increase in heat in the conlents of the flask that 
the carbon dioxide ahsorbed by the liquid will be rapidly 
expeUed. The obstruction at c is removed, and by Buck- 
ing at a the carbon dioxide eoniained in the ap[>aratii8 is 
replaced by almospherin air. After cooling, weigh the 
apparatus, TIil' difference between the two weights will 
represent the amount of carbon dioxide. 




If the soda con tiiins sulphidet'. Bidphitesor liyposnlphiles 
Bfcommercial soda-ash), there esca^ie, besides the carbon 
>xide, hydrogen sulphide and sulphurous acid. An ex- 
» oi potassium chlomte is added to the solution of the 
mple, which oxidises the above-mentioned gaxes to snl- 
e acid. In the presence of chlorides the resulting 
centage is loo high, due to the liberated hydrochloric 
which may he avoided by the addition of silver 
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In Fig. 36 is exhibited the construction of Mohr's ap- 
paratus, which may be particularly used to advantage if 
oxides are present, which form insoluble sulphates with 
the acid (c. ^., estimation of carbon dioxide in calcite). 
K is a flask of 100 C. C. capacity, intended for the de- 
composition of the substance; a contains hydrochloric 
acid ; h contains concentrated sulphuric acid. Proceed as 
before. Suck on the tube c, and at the same time open 
the pinchcock at d. The latter is closed immediately when 
sufficient hydrochloric acid has passed from a to K, 
whereby the carbon dioxide must stream through 5, and 
will be dried by the sulphuric acid. When the evolution 
of gas ceases, repeat the above, and finally permit the en- 
tire quantity of hydrochloric acid in a to enter the flask 
K. The pinchcock at d is opened ; the carbon dioxide 
remaining in the apparatus is removed by drawing upon c 
with the mouth. 

Another method of ascertaining the amount of carbon- 
ate in soda ash consists in using a standardized acid. 
The point of saturation is indicated by the litmus tincture, 
which has been added to the solution of the alkaline car- 
bonate, changing in color from blue to red. As we know 
accurately the quantities of the different oxides which are 
necessary to form neutral salts with a certain acid, the 
quantity of carbonate may be calculated from the volume 
of acid employed. 

For this purpose sulphuric, hydrochloric and oxalic 
acids are excellent. In manufactories, where similar de- 
terminations are daily executed, to escape any further cal- 
culation of the results, so-called normal acids are employed, 
i, e., such as contain in 1 litre the molecule of the respective 
acid expressed in grammes. In using sulphuric or hydro- 
chloric acids the preparation of a normal liquid is intolera- 
bly difficult and laborious. One is invariably obliged to 
fix the standard of such a solution by means of a separate 
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experiment. As oxalic acid is gotten pure without much 
trouble, the use of it is preferable if it is desired to obtain 
an accurately standardized solution in a short time. A 
solution is usually employed which contains 6.3 grms. 
crystallized oxalic acid (C^H^O^ -f- 2HjO), and in certain 
cases one which has 0.63 grm. oxalic acid in a litre of 
water. Sulphuric acid and hydrochloric acid are generally 
made y\y normal. This strength is approximately reached 
when sulphuric acid of sp. gr. 1.032 or hydrochloric acid 
of sp. gr. 1.018 are used. 

Standardization of the Acid. — Chemically pure dry so- 
dium carbonate will serve to begin with. As it is difficult 
to obtain it perfectly pure, the hydrocarbonate (sodium 
bicarbonate) is converted by gentle ignition into the neu- 
tral salt, and a weighed quantity (about 1 to 1.5 grms.) 
of the latter dissolved in water. This solution is mixed 
with some litmus tincture* (it is always advisable to add 
the same volume both in the standardization and in the 
subsequent analysis), and the acid to be titrated passed in 
gradually from a burette, until a slight reddening of the 
liquid occurs, then boil. By boiling, the carbon dioxide 
absorbed by the liquid, and which influenced the coloration 
of the litmus, will be expelled, and the liquid again become 
blue. Another portion of the acid is added, and the boiling 
repeated. Finally a point is reached when the next drop of 
acid will permanently redden the liquid, and the color not 
disappear, even upon protracted boiling. This point in- 
dicates the close of the reaction. 

* Treat the litmus cubes of commerce with alcohol, decant 
this and extract the residue with water. Acidify the aqueous 
solution with a few drops of sulphuric acid, and add an excess 
of barium hydrate. This latter substance is removed by con- 
ducting carbon dioxide into the solution, which is boiled and 
filtered. The litmus is kept in open vessels. 

26* 
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This method of standardization is rather tedions and 
time-consuming, and is especially not to be recommended 
if we have no idea of the amount of the acid present 
(in the application of the method, the amount of car- 
bonate), and cannot calculate approximately the volume 
required for the decomposition. It is generally preferred 
(and this process is also more accurate) to add an excess 
of acid, and titrate this with an alkali solution of known 
strength. Mohr uses sodium hydrate for this purpose, 1 
C. C. of which neutralizes an equal volume of acid. 
Such a solution possesses a specific gravity of 1.25, if acids 
of the above strength are taken. The sodium hydrate 
possesses the misfortune of invariably containing more or 
less carbon dioxide, which is liberated upon the addition 
of an acid and acts upon the color of the litmus tincture. 
If sodium hydrate is replaced by ammonium, the change 
from blue to red and the reverse will be quickly indicated, 
as no free carbon dioxide is present to cause any hindrance. 
The only inconvenience opposing the application of am- 
monium is its volatility. This, however, is easily avoided 
if a more dilute solution, one of about 0.993 specific gra- 
vity, is used. 

The relation of the acid to the ammoniacal liquid (or 
sodium hydrate) is first fixed, by neutralizing a measured 
volume of the acid, mixed with litmus tincture, with am- 
monium hydrate until the red color changes to blue ; then 
calculate from this how many C. C. of ammonium hydrate 
1 C. C. of the acid equals. For the standardization of 
the acid, add an excess of the latter to the solution of 
sodium carbonate, and titrate the excess (when ammonium 
hydrate is used, not until the liquid is cool) with sodium 
or ammonium hydrate. It is superfluous to mention, that 
sodium or ammonium hydrate is added until the color of 
the liquid changes from red to blue. 



i 
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carbonat<i, precipitate tbo mpicotm Molution of tbo Moda aHJi 
witb an oxcomn of barium bydrate, and dotf^rniine tlio 
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poundH citti be oxidi/cd with potiiHHiuiii chlomto iitid tli(*ii(|iic'oiirt 
Holution of the roHidiK* titrated. 
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Both sodium sulphide and hyposulphite may be deter- 
mined with an iodine solution of known strength (p. 253 
and p. 95). The solution of a second portion is, for this 
purpose, acidified with acetic acid, starch paste added and 
then titrated with an iodine solution, thus ascertaining the 
quantity of hydrogen sulphide and hyposulphurous acid. 
A second portion is precipitated with an ammoniacal zinc 
solution or manganous sulphate ; the sulphide of zinc or 
manganese is filtered off and the hyposulphurous acid de- 
termined with an iodine solution in the filtrate. 

Tlie quantity of the iodine solution required in the de- 
composition of the sodium sulphide is expressed by the 
difference. 

Instead of deducting the C. C. of the normal solution 
corresponding to the amounts of sodium sulphide, etc., and 
calculating the sodium carbonate from the remainder of 
the used acid, it is sometimes preferred to estimate the 
sodium carbonate by a direct determination. For this 
estimation the precipitate of barium carbonate as above 
obtained is particularly adapted, the carbon dioxide in it 
being either determined with standardized hydrochloric 
acid or gravimetrically after the method given on page 33. 

Fresenius* combines the carbon dioxide determination 
with that of the sodium sulphide, and uses an apparatus 
similar to that described on page 34. For the experiment 
a weighed sample of the soda is decomposed with hydro- 
chloric acid in the flask. To condense the acid volati- 
lized in the subsequent boiling, the bulb-shaped tube b is 
replaced by a vertical cooler (see Fig. 21, p. 228). The 
tubes y and g are arranged as before. To absorb the hy- 
drogen sulphide, g is connected with two V-shaped tubes 
containing calcium chloride and pumice-stone filled with 
copper sulphate. These are joined to the soda-lime tubes 

* Zeitsehrift fiir analytlsche Chemic, Jahrgang 10, p. 75. 
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k and /. The remaining parts of the apparatus described (p. 
34) are not altered. The pumice-stone is filled with copper 
sulphate by saturating small pieces of the former with the 
latter (60 grms. pumice-stone and about 30 grms. copper 
sulphate), this then evaporated to dryness. The dry 
pieces are heated about four hours at 150^-160° C, then 
placed in closed vessels for preservation. The two tubes 
are filled the same as the soda-lime tubes (^ copper sul- 
phate pumice-stone and ^ calcium chloride). Proceed 
just as on page 35, with the difference that for the expul- 
sion of the hydrogen sulphide the liquid contained in K 
must be boiled continuously for some time with a stream 
of air constantly passing through it. From the increase 
in weight of the tubes filled with copper sulphate pumice- 
stone and the two soda-lime tubes, we obtain the quantity 
of hydrogen sulphide and carbon dioxide. 

If the soda contains a hyposulphite, care must be taken 
that this is decomposed by hydrochloric acid, with the 
formation of sulphurous acid. This would also be ab- 
sorbed by the soda-lime and calculated as carbon dioxide. 
To render the method applicable under such circumstances, 
place between the second tube containing CuSO^ pumice- 
stone, and the soda-lime tube n, a tube filled with chromic 
acid (see p. 223), and add another calcium chloride tube. 

The soda of commerce always contains sodium chloride 
and sulphate, which are estimated in the usual manner. 
In the volumetric deteimination of hydrochloric acid with 
silver nitrate (p. 44), the solution of the substance is 
first neutralized with nitric acid, so that the liquid is only 
very slightly alkaline. 

Pearl Ash. 

Here the same determinations as in the preceding ex- 
ample are necessary. If soda is mixed with the pearl ash 
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the titration with an acid is useless ; the quantity of potas- 
sium carbonate in the presence of sodium carbonate must 
now be determined. To this end acidify the aqueous solu- 
tion of the pearl ash with acetic acid, heat until the carbon 
dioxide is expelled, and precipitate the hot solution with 
lead acetate. After cooling reduce the liquid to a definite 
volume, and as soon as the precipitate has subsided pipette 
off a certain amount, which is treated with hydrogen sul- 
phide to precipitate the excess of lead. The filtrate is 
evaporated to dryness in a platinum dish with addition of 
hydrochloric acid, and the sum of the alkaline chlorides 
ascertained (p. 26). The potassium chloride may be 
determined with platinic chloride (p. 42), or the chlorine 
(gravi metrically or volu metrically) estimated (p. 17 and 
p. 44), and from the found chlorides the corresponding 
carbonates calculated. 



Crude Tartar and other Salts imparting an 

Acid Reaction. 

To estimate the potassium hydrotartrate in crude tartar, 
titrate the aqueous solution of the same with sodium or 
ammonium hydrate. The amount of sodium and ammo- 
nium in their solutions is ascertained by an acid of known 
strength (p. 305). 

The tartar is dissolved by boiling with a sufficiently 
large quantity of water and filtering off the residue of 
silicic acid. The filtrate is mixed with litmus tincture, 
and the alkaline solution (when cold, if ammonium hy- 
drate is employed) added until the red color changes to 
blue. 

In certain varieties of crude tartar no blue coloration 
occurs, but green instead, which indicates the final reac- 
tion fully as well. 

The sodium or ammonium liquid of known strength can 
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likewise be used in estimating other salt solutions having 
an acid reaction, e. g,, the estimation of potassium or so- 
dium hydrosulphates, potassium hydro-oxalate, etc., and of 
course also for the estimation of free acids — sulphuric, 
hydrochloric, nitric, oxalic, citric, etc. 



Soap. 

In the valuation of soap the quantity of alkali, fat and 
moisture is to be determined. 

The first of these may be accomplished by titration with 
sulphuric or hydrochloric acid. A weighed sample of the 
soap is dissolved in water, and so much acid added from a 
burette, until a drop of the liquid placed on litmus paper 
produces a red spot. If this operation occurs in a weighed 
porcelain dish, the same sample will suffice for the estima- 
tion of the amount of fat. The liquid neutralized with 
acid is allowed to cool, then decanted from off the solidified 
fat and the latter warmed with distilled water to remove 
the final traces of alkali inclosed in it. After cooling de- 
cant the water and dry the fat in a porcelain dish at 110° 
C, until constant weight is secured. 

If the soap contains soda, the latter is determined by 
the estimation of the carbon dioxide (p. 33 or p. 302). 
Or, a weighed sample of the soa]) may be exhausted with 
absolute alcohol, and the insoluble sodium carbonate dis- 
solved in water after filtering, and determined volumet- 
rically. 

The amount of water in soap is ascertained by drying a 
portion of the latter at 1100-120° C. 

Nitre (Saltpetre). 

Composition Potassium nitrate, together with nitrates 

of sodium, calcium and magnesium, and alkaline chlorides 
and sulphates. 
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If the saltpetre contains no other nitrates, the quantity 
of potassium nitrate is calculated from the nitric acid 
present. 

[Another method of determining nitric acid may be in- 
serted here. 

It has been found that a thin plate of zinc, coated with 
copper (formed by placing the former metal in a solution 
of copper for a few minutes) decomposes water, particu- 
larly on warming, with the formation of zinc hydrate and 
the evolution of hydrogen. 

The liydrogen so eliminated is capable of reducing nitric^ 
acid in combination to the state of ammonia — 

NO3K + 4H, = NH, + HKO + 2H,0. 

This reaction constitutes the basis of a method of deter- 
mining nitric acid in nitrates. 

About 25 to 30 grms. of thin sheet zinc are placed in 
a flask of about 200 C. C. capacity, and covered with a 
moderately concentrated and slightly warmed solution of 
copper sulphate. In about ten minutes a thick spongy 
coating of copper will be deposited on the zinc ; the liquid 
is poured off the metals, which are now well washed with 
cold water, and covered with about 40 to 50 C. C. of pure 
water. Weigh out about 0.5 grm. of pure nitre into the 
flask, which is then placed in a sand-baih and connected 
with a condensing arrangement. The liquid is gradually 
ln*ated to boiling and distilled for about an hour. The 
distillate is poured from a receiver, and evaporated to 
dryness in a porcelain basin over the water-bath with 
an excess of platinum tetrachloride, and the double salt 
treated as usual.] 

Or, as already mentioned on page 242, the nitrates are 
decomposed by ferrous salts in the presence of hydrochloric 
acid, with the formation of ferric oxide, water and nitrogen 
oxide. To estimate the nitric acid, heat a sample of the salt 
with exclusion of air (see Fig. 5) together witli a weighed 
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quantity in excess of iron or ferrous ammonium sulphate (p. 
77), and add hydrochloric acid. When the decomposition 
is complete, determine the remainder of the unoxidized 
ferrous salt with permanganate or potassium bichromate 
(p. 75 and p. 79), or determine directly with stannous 
chloride the ferric oxide that has been formed (p. 80). 
The calculation is readily made from the formula (p. 242). 

When the valuation of saltpetre is to be determined, 
which contains not only potassium nitrate but also other 
nitrates, the preceding method is not applicable. Nothing 
oth^r than a potassium determination is to be relied upon. 
The nitrates are for this purpose converted into chlorides, 
which is accomplished by repeatedly evaporating them to 
dryness with fuming hydrochloric acid or by several igni- 
tions with ammonium chloride. The potassium is deter- 
mined as double chloride of platinum and potassium. (See 
p. 42.) 

If compounds of calcium and magnesium are present, 
they must be first removed (p. 45). 

The sulphuric and hydrochloric acids are determined 
according to page 15 and page 17. 

The moisture is ascertained by drying the samples at 
120° C. 

Gunpovrder. 

Composition. — Nitre, carbon, sulphur (and water). 

The usual method for the analysis of gunpowder consists 
in drying a sample over concentrated sulphuric acid in a 
desiccator or at 70° C, and washing it upon a weighed 
filter with hot water to perfectly remove the nitre. The 
filtrate is evaporated to dryness in a weighed platinum 
dish, the residue dried at 120° C. and weighed. The dif- 
ference in weight represents the total amount of carbon and 
sulphur. To estimate the latter exhaust the dried residue 
27 
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with carbon disulphide or with ammonium sulphide. The 
sulphur may also be calculated by difference if the carbon 
dried at 100° C. is ascertained, or in using carboD disul- 
phide the filtrate is evaporated to dryness and the residual 
sulphur dried carefully at 70° C. and weighed. 



[ Use of Platinum Vessels. 

As i)latinum vessels are so commonly used, the subscribed 
notes should be observed. 

The following bodies should not be treated in platinuDi 
vessels : — 

1. The caustic alkalies as well as baryta and strontia 
and their nitrates at a red and melting heat. 

2. Fusible metallic sulphides or mixtures of sulphides 
with carbon ; thus, in particular, the alkaline sulphides. 

8. Phosphates and carbon, which at a high heat give 
rise to platinum phosphide. 

4. Metals that are easily fused, or mixtures of the oxides 
with substances which reduce them (carbon). These 
form fusible alloys with platinum. 

5. Chlorine, and all mixtures that liberate chlorine, 
either in the cold or by heat; for instance, fusible mixtures 
of a metallic chloride and a nitrate, of ammonium sulphate 
and chloride. 

Platinum crucibles may be cleaned by fusing borax or 
potassium bisulphate in them. They are afterwards di- 
gested in dilute acid, or scoured with fine round sand and 
water.] 
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TABLES FOR THE CALCULATION OF ANALYSES. 



Aluminum . 
Aluminum oxide . 

Antimony 
Antimoniate of teroxide 

of antimony . 
Antimony sulphide 
Arsenic 
Magnesium pyro-arsenate 

Ammonium - magnesium 
arsenate . 

Barium 

Barium sulphate . 

Barium silico-fluoride . 

Beryllium 

Bismuth 

Bismuth oxyehloride 

Boron .... 

Boracic acid . 

Boro-fluoride of potassium 

Bromine 
Silver bromide 
Cadmium 
Cadmium oxide . 

Cadmium sulphide 

CaBsium 
Calcium 
Calcium oxide 

Calcium carbonate 

Calcium sulphate . 

Cerium 
Chlorine 



Atomic and molecular 
weight. 



Al 27.3 
A1.A 102.48 
Sb 122 

SbO, 154 
Sb.Sg 340 
As 74.9 
MgjASaO, 309.4 

2MgO(NH,).p + 
As.O.+HjO 379.34 

Ba 136.8 

BaSO^ 232.G2 

BaSiFl, 279.4 

Be 9.3 
Bi210 
BiOCl 261.5 
B 11 
B2O3 70 

KBFl, 126.1 

80 

AgBr 188 
Cd 112 
CdO 128 

CdS 144 

Cs 133 
Ca40 
CaO 56 

CaCOg 100 

CaSO^ 136 

Ce 92.16 
CI 35.5 



100 parts con- 
tain 



53.28 Al 



79.22 Sb 
71.76 Sb 

48.42 As 
39.49 As 
60.53 AsjOj 
80.44 AsjO, 

58.81 Ba 
65.67 BaO 
48.96 Ba 
54.67 BaO 



80.30 Bi 



31.42 B 
8.73 B 
27.75 BjO, 



1 



42.55 Br 



1 



87.50 Cd 
77.77 Cd 
88.88 CdO 



71.42 Ca 
40.00 Ca 
56.00 CaO 
29.41 Ca 
41.17 CaO 
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Tables for the Calculation of Analyses — continued. 





Atomic and molecular 


100 parts 00^ 




weight. 


tain 


Silver chloride 


AgCl 143.5 


24.73 CI 


Carbon 


C12 




Carbon dioxide 


CCL44 
CaCOs 100 


27.27 C 


Calcium carbonate 


44.00 CO, 


Chromium . 


Cr 52.4 


* 


Chromic oxide 


CrA 


68.57 Cr 
f 20.67 Cr 
- 29.54 Cr,0- 


Barium chromate . 


BaCrO^ 253.4 






39.62 CrO,' 






' 16.20 Cr 


Lead chromate 


PbCrO. 323.4 


- 23.62 Cr,Oa 
( 31.04 CrOj 




V 


Cobalt .... 


Co 59 




Cobaltous oxide . 


CoO 75 


78.66 Co 


Copper 


Cu 63.3 




Cupric oxide 


CuO 79.3 


79.82 Cu 


Copper sulphide . 


CugS 158.6 


79.82 Cu 


Didvmium . 
Erbium 


Di 94.96 




E 112.6 




Fluorine 


F119 




Calcium fluoride . 


CaFl, 78 


48.71 Fl 


Gold .... 


Au 196.7 




Hydrogen 

Water .... 


H 1 




11 fi 18 


11.11 H 


Iodine .... 


I 127 




Silver iodide 


Agl 235 


54.04 I 


Palladious iodide . 


Pdl^ 360.5 


70.45 I 


Indium 


In 113.4 




Iridium 


Ir 196.8 




Iron .... 


( Fe 56 

1 FcA 160 


70 Fe 
90 FeO 


Lanthanum . 


La 92.8 




Lead .... 


Pb 207 




Lead oxide . 


PbO 223 


92.82 Pb 


** chloride 


PbClj, 278 


( 74.46 Pb and 
\ 80.21 PbO 


** sulphide 


PbS 239 


( 86.61 Pbanc 
\ 93.29 PbO 


** sulphate 


PbSO^ 304 


(68.31 Pbam 
[ 73.59 PbO 
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Tables for the Calculation of Analyset — continued. 





Atomic and molecular 


100 parlB con- 




weight. 


l4iln 


Lithium 


Li 7 




Lithium ehloride . 


LiCl 42.5 


16.47 Li 
35,38 Li,0 
12.72 Li 


Lithium sulphate . 


Li,so, no 


J 27.Z7Li,0 
77.27 LiCl 






Magucaxum . 


Me 24 




Magnesia . . . 


MgO 40 


eo.oo Me 


" pyrophosphiltR . 


MgiPjO, 22* 


J 21.62 Me 
t 36.03 MgO 


Manganese . 


Mn 55 


63.21 Mn 




MnS87 


81.60 MnO 
90.80 Mn,0, 
72.05 Mn 
\ 93.01 MnO 




\ Mn,0, 239 


oxide 


J ' ' 


103.49Mn,O, 


Mereury 


HgHOO 




" sulphide . 


HgS 232 


8(1.20 Hg 
J 84.92 He 
184.92 


JUcrcurous chloride 


HgCl 335.5 


Molybdenum 


Mo 95. G 




sulphide . 


MoS. 191 .G 


49.!>0 Mo 


Nickel. 


Ni59 




UiL-kelou3 oxide . 


NiO 75 


78.66 Ni 


Niobium 


Nh94 






N 14.01 






NII.C! 53.38 


26.24 N 
31,87 Nil, 
0.297 N 


Am. pUit. chloride 


N,n,PtCl 444.94 


\ 7.65 NH, 
8.09 Nil. 


Osmium 


Ob 198.li 




Oxygen 


16 




Palladium . 


Pd lOfi.5 




Phosphorus . 


P 30. 9C 






|Mg,P,0, 221.52 


27.95 P 
03.98 P.Os 


phate .■ . 


85.59 PO, 




Ca,P,0, .'iOfl.SI 


45.82 P,0, 
«3.24 H,PO. 
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Tables for the Calculation of Analyses — continued. 





Atomic and molecular 


100 parts con- 




weight. 


tain 


Platinum 


Pt 197 




Potassium 


K 39.04 




Potassium chloride 


KCl 74.41 


52.47 K 

63.19 KjO 
- 44.89 K 


Potassium sulphate 


KjSO^ 173.9 






54.08 KjO 






16.03 K 


Potassium plat, chloride 


KjPtCl^ 487 


19.31 K,0 
30.56 KCl 
35.71 KjSO^ 




• 


Rhodium 


Rh 104 




Rubidium 


Rb 85.4 




Ruthenium . 


Ru 104 




Selenium 


Se 79.4 




Silver .... 


Ag 107.6 




** chloride 


AgCl 143.03 


75.27 Ag 


Silicon .... 


Si 28 




Silicic acid . 


SiOj 59.92 


46.73 Si 


Sodium 


Na 22.99 




** chloride 


NaCl 58.36 


( 39.39 Na 
1 53.07 NajO 


** sulphate . 


NajjSO^ 141.80 


] 32.42 Na 
[43.68 Na»0 


Strontium 


Sr87.2 


\ * 


** sulphate 


SrSO^ 183.02 


( 47.64 Sr 
\ 56.36 SrO 


Sulphur 


S 31.98 


f 13.75 S 


Barium sulphate . 


BaSO^ 232.62 


\ 34.33 SO2 
1 41.19 80. 


Tantalum 


Ta 182 




Tellurium 




Te 128 




Thallium 




Tl 204 




Thorium 




Th 115.6 




Tin . 




Snll8 




Tin oxide 




SnOg 150 


78.68 Sn 


Titanium 




Ti50 




Tit-anic acid , 




TiOa 82 


60.97 Ti 


Tungsten 




W184 




Tungstic acid 


WO3 231.88 


79.35 W 


Uranium 


» • • 


Ur 120 
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Tables for the Calculation of Analyses — continued. 





• 

Atomic and molecular 


100 parts con- 




weight. 


tain 


Uranous oxide 


UrO 135.96 


88.26 Ur 


Uranium protosesqui- 
oxide 


UfsO^ 423.84 


84.94 Ur 


Vanadium . 






Vd 51.3 




Yttrium 






Y61.7 




Zinc . 






Zn 64.9 




** oxide . 






ZnO 80.86 


80.26 Zn 


** sulphide 






ZnS 96.88 


66.99 Zn 


Zirconium . 






Zr90 




** oxide . 






ZrO, 121.92 


73.82 Zr 



Table for the Tension of Aqueous Vapor for Tempera 

tures from 10° C. to 25° C. 

Tension. 

9.165 Mm. 

9.792 ** 
10.457 *» 
11.162 '* 
11.908 ** 
12.699 ** 
13.536 ** 
14.421 '* 
15.357 ** 
16.346 '* 
17.391 "■ 
18.495 ** 
19.659 '' 
20.888 ** 
22.184 " 
23.550 '' 



Temperature. 
lOOC. 


11 




12 




13 




14 




15 




16 




17 




18 




19 




20 




21 




22 




23 




24 




25 





320 TABLE FOB CALCULATION OF HABDNESS. 

Table for the Calculation of the " Degree of Hardness^^ 
from the number of G.Cof the Soap Solution employed. 



Employed soap solution. 


Degree of hardness. 


3.4 C.C. . 


• • • • yj m o 


5.4 ** 


1.0 


7.4 ** 


• • « • X m*J 


9.4 ** 


2.0 


The difference of 1 C. C. 


of the soap solution =0.25 


11.3 C.C. . 


2.5 


13.2 ** 


3.0 


15.1 *' 


3.5 


17.0 '* 


4.0 


18.9 *' 


4.5 


20.8 '' 


5.0 


Tlie difference of 1 C. C. 


of the soap solution «= 0.26 


22.6 C.C. . 


5.5 


24.4 '' 


. . . 6.0 


26.2 '' . . 


6.5 


28.0 '' 


7.0 


29.8 "■ 


7.5 


31.6 " 


8.0 


The difference of 1 C. C. 


of the soap solution = 0.277 


33.4 C.C. . 


. . . . 8.5 


35.0 ^' 


9.0 


36.7 '' 


9.5 


38.4 *' 


. 10.0 


40.1 *' 


10.5 


41.8 ** 


11.0 


The difference of 1 C. C. 


of the soap solution = 0.294 



43.4 C.C 11.5 

45.0 " 12.0 

The difference of 1 C. C. of the soap solution =0.31 



^^P ^^M 


Alammnm. 


ArEcnic, soparntion of— 1 


dBtBrrainatiDn of, 37 


from antimoDj, 67, TO, 16S, 1 


In eubatancea not decomiiOEed 




byncida, HI 


from bismuth, 169 ' 




from calcium, 87 J 


from calcium, 114, 127 


from cadmium, 112 


from cbrominm, SB 


fromooball, 169 


from copper, 87 


from copper. 87, 169 


from iron, 82, 90, 268 


from iron, 87, I6B 


fTomm«rcur?. 192, 193 




from pliDsphorio acid, S3, 115, 










from ■eleuinm. 195 


from tIMinium, 213 


from silver, 169 


from lino, 119 


from tin, 60 




from Einc, 109 


Antimony. 




dctermicatioa of, as tbe ODti- 


Barium, 




delcrminalion of, aa oarbonaU, 


as salpbide, 52 




TOlumctrifl delermination, 179, 


aa ehromate. 27 


204 


aaaalphate. IT 


Kpuration of, from arsenic, GG, 


separation of, from tbe alkalieB, 


70, 164, ZOO, 201 


4S, ins 


1 frombbiDiith, ie9 




fromcfldmiom, 112 


from cobalt, 1(13 


from cobalt, 109 


from mB«neainm. 29. 103 


fromooppar, 112, IBO 


from matiEaneae, 103 


from iron, i OS. 213 


from niokel. 103 


from iBad, B2, 160 


from pel an ium, 19& 


1 from nickBl, 16P 


from strontium, 29, 279 


froiD Bglenium. I9S 


from sulpburio acid, 40 


from Biker, 169 


from uranium, 196 


from tin, 05 


BOparotion of barium nalpbale 


from lira, 169 


from allloic acid, 139 


Arianie. 


Biimoth. 


dctermimitioD of, as nmmon- 


determination of, aa motnl, 50, 


DiigneBium nraeniate, 69 




Bsarsenioiiilphida, 07 


at onido, 'j« 




as oijchloride, 58 




separation of, from antimony. 


87 


arsenic, 109 


^^^^^^^^^H 


^^^^^^^^^^^^1 



1 ^^^^^^^H 




Cakiiim. .ep«r«i<.i. of- 1 


team endmluni, U 


ftoiogdld, 158 


rroni oopp^r. 58, 102 


from iron, 71. 73. 114 


ftdm lB»d, 66 


from migneiiam. i», 3!. li. 


from rarreory. flS, IBS 


114 


from muljbdBiiuai. ITl 


from munEaneae, 74. llS, Itt 




from meronrj, IB2, IBS 


framaclenlum, 196 


from nickel, 1D4 


from BiU.r, S02 


from pba.phori.1 a.id, 8^ \U, 






from lin, 64 


from «e1<n!um. 195 


from vnnndiara, ITS 


from strontium. 38 




from lulphurld nold, 29 


Boras. 


from tongeten, 197, 198 






121. 120 


from lirconinm, 165 


Sfpnration nt borne io aeid from 




bromine, flugrine, iodiDe, 


Carbon. 


3B2 


determination of, in nitro^ 


from th< oxidea, 121) 


nous fDbaCsnces, 286, 297 


horn ailioie mid, Ui 


in ca«t iron hj ignition in an 




oxygen atrBam. 231 




aooording to Iho method of 


de[*t mi notion of. in presBneo of 


Weyl, 224 


oblorins, S66 


uooordine to tbe method of 


TolniDetrioiillj, by meana of 


BerieliuB, 220 


chlorine nnter, 265 


nocording to Wahler, 226 




by meana of ohromio ai>id, 


362 


231) 


from iujine, 36i 


aolorimetrio determination <u 




cBBtiron, 23! 


Cadminm. 


in preaense of graphite. 227 


duteruiiontioDiisDiido, 6-t 


de termini! lion of graphite in 


u .ulpUdo, 6= 


«»t iron, 227 




of the heating poner and b)ie 


112 


noke yield of Cue!, 300,301 


fiom nrieoii!. 112 


of orgaDJo matter by Iota 


from biamolh, 64, 203 


upon ignition. 14.3. 283 


from o'.pper, 103, 202 


in Hell and mineral iratera, 
2«,251, afiT 


from lead, 64 


from tin, 64 


determinntion of oialio aoid, 


from lino, lOS 


387 




Tolometrie da termination, 311 


Caloinm. 


of urlo Mid, 2S8 


dsterininntion us oarbonati, 13 


of citrioaoid. 311 


as uxide, U 


of tartaric acid, 311 


Msulphato, Hi 


determination of Catty aoida, 




311 


106. lu' 


leparation of, from ailrer chlo- 


from nluminum, 114, 127 


ride, 176 


from arsenic, 87 


from ailioio noid, 206 


from burinm, !7, 29, 103 




from borocio noid, 120 


by absorption by aodtt- 


from chromium. SS 


lime, 33 


from oobnlt, 105 


from loBS apon ignition. 11! 


from eoppor, 87 
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Carbon, determination of — 

in mineral waters superpatu- 
rated with carbon dioxide, 
2C0 
in presence of hydrogen sal- 
phide, sulpharoas acid, and 
hjposulphurous acid, 303, 
3U8 
Tolumetrio determination, 304 

Chlorine. 

determination of the hydrochlo- 
ric acid as silver chloride, 
17 
in sabstanoes insoluble in 
water, 117 

Tolnmetric determination, 43, 
311 . 

separation of hydrochloric acid 
from hydrobromic acid and 
hydriodio acid, 265 

Chromium, 
determination as barium ohro- 

mate, 89 
as oxide, 29 
in substances not decomposed 

by acids, 89 
seporation of, from aluminum, 

89 
from calcium, 89 
from iron, 89, 213 
from lead, 30 
from magnesium, 89 
from mangnnese, 89 
from pota88iuro, 31 
from titanium, 213 

Cobalt, 
determination of, as metal, 22 
indirect determination ns ni- 
trite of the sesquioxide of 
cobalt nnd potassium, 22 
with mercurous nitrate, 168 
separation of from the alkalies, 
106 
from antimony, 169 
from arsenic, 169 
from barium, 103 
from calcium, 105 
from copper, 103 
from gold, 168 
from iron, 62 
from magnesium, 104 
from manganese 104, 149, 
214 I 



Cobalt, separation of — 
from mercury, 192 
from molybdenum, 174 
from nickel, 61, 167, 104 
from phosphorus, 174 
from selenium, 195 
from uranium, 196 
from vanadium, 174 
from zinc, 108 

Copper. 

determination as metal, 48, 58, 
161 

as cupric oxide, 14 

as sulphide, 48 

volumetric determination by 
means of sodium hyposul- 
phite, 162 

with potassium cyanide, 162 
separation of, from the alkalies, 
103 

from aluminum, 87 

from antimony, 11?, 169 

from arsenic, 87, 169 

from barium, 103 

from bismuth, 58, 202 

from cadmium, 108, 202 

from calcium, 87 

from cobalt, 103 

from gold, 158 

from iron, 87 

from lead, 49, 63 

from magnesium, 87 

from mangnnese, 87, 215 

from mercury, 192, 193 

from molybdenum, 174 

from nickel, 60 

from phosphorus, 174 

from selenium, 195 

from silver, 47, 202 

from tin, 59, 63 

from tungsten, 198 

from vanadium, 174 

from zinc, 50, 51 
determination of cuprous oxide, 
2119 

in the presence of sulphur, 
209 

Fluorine. 

determination of, 115 
separation of, from boracic acid , 
262 
from the oxides, 115 
from phosphoric acid, 116 
from silicic acid, 116 
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15DEX. 



deurmlnmiltm of, 1^9 
f«pftrsfcioB of, froM the ■Ikalir*. 

168 
from bftriom, 168 
from eslciom, eobmlt, copper, 

iron, mAgDMiam, maas»- 

DM«, 168 
from loftd, 186 
from moljbdeoam. 174 
from nickel, 168 
from pbofphoms, 174 
from tflT«r, 187 
from ftroDtiam, 168 
from telluriam, 194 
from Tsmuliam, 174 

KjdrogMi. 
dtUrmloftfcioD of, In organie 

eompoaodf, 297 
d«Urmf nftfcion of water from the 

loH on ignition, 16 
direct determination, 36 

in lubninncef containing am- 
monia, 282 
of the total amoant of solid 
conNtituenti of water, 261, 
of the hnrdneir, 238 
of the Npeoiflo gi:avitj, 267, 
208 

Iodine. 

determination of, as palladioas 

iodide, 263 
voluuielric determination with 
chlorine water, 264 
wUliModiuni hypoKulphite, 264 
iepiinilion of, from boracic acid, 
262 
from bromine, 266 

Iron. 

determination of as ferric oxide, 
23 

of forrouii oxide in substances 
not decomposed by acids, 
150 

of ferrous oxide in mineral 
waters, 236, 256 

of ferric oxide in substances 
not decomposed byacid8,85 
volumetric determination of fer- 
ric oxide with stannous 
chloride, 80 

of ferrous oxide with potas- 
sium permanganate, 75 



IraL Tcl. AflberiDixiiiliaai ocF — 

witk jiKlaiwIam bkhramate, 
79 
deCenBiaaiioa fifierric-anAe in 
pj < i B« a> e e «f fcuitma «zide, 
t«, ]% 
•f metanie ir«i !■ fauau aeg W 
ferrie wmi. fnrMH mnif*, 
118 
separatHMi «f firm tbealkaSei, 
1«6 
from al«»B«a, 69, M, 213, 

from aatnoay, 169 

from araeaie, 87, 169 

from harivm, 193 

from ealeiam. 32, 71, 73. 114 

from ehromlvm, 69, 213 

fr<»i eobali, 61 

from eopper, 87 

from gold, 168 

from load, 168 

from magnenam, 32, 71, 73 

from manganese, 71, 73 

from meremry, 192, 193 

from niekel, 61 

from phosphonu, 174 

from phosphoric acid, 83, 1 16, 

268 
from selenium, 196 
from tin, 70 
from titanium, 213 
from tungsten, 197 
from uranium, 196 
from zinc, 108 
from zirconium, 166 

Lead. 

determination ot, as metal, 186 

as chloride, 30 

as sulphate, 49 

as sulphide, 30 
separation of, from antimony, 
52, 169 

from arsenic, 169 

from bismuth, 66 

from cadmium, 64 

from chromium, 30 

from cobalt, 208 

from copper, 49 

from gold, 187 

from iron, 108, 139 

from manganese, 108 

from mercury, 66, 193 

from molybdenum, 174, 188 

from nickel, 208 
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Lead, separation of — 

from phosphorus, 1 74 
from seleniam, 195 
from silver, 186 
from sodium, 174 
from tin, 54, 63 
from sine, 49, 57 
separation of lead oxide from 

the tetroxide, 190 
of lead sulphate from silicic 

acid, 186 

Lithium. 

determination of, as sulphate, 

106 
in substances not decomposed 

by acids, 144, 147 
separation of, from barium, 45, 

103 
from boracio acid, 120 
from calcium, 105, 114 
from cobalt, 105 
from copper, 103 
from gold, 158 
from iron, 105 
from magnesium, 272 
from manganese, 105 
from nickel, 105 
from phosphoric ocid, 115 
from potassium, 106, 274 
from sodium, 274 
from uranium, 196 
from the remaining oxides by 

means of barium hydrate, 

271 

Magnesium. 

determination of, as pyrophos- 
phate, 17 
separation of, from the alkalies, 
271 

from arsenic, 87 

from barium, 29, 103 

from borncic ncid, 122 

from calcium, 29, 32, 74 

from chromium, 89 

from cobalt, 105 

from copper, 87 

from gold, 158 

from iron, 71, 73 

from manganese, 73, 137 

from nickel, 105 

from phosphoric acid, 83, 115 

from potassium, 45 

from selenium, 195 

from sodium, 45 

2b 



Magnesium, separation of — 
from strontium, 29 
from tungsten, 197, 198 
from uranium, 196 

Manganese. 

determination of. as protoses- 
quioxide, 21 

as binoxide, 137 

as sulphide, 21 
determination of manganese su- 
peroxide, 92 

of superoxide in presence of 
manganic oxide, 107 
separation of, from the alkalies, 
105 

from arsenic, 87 

from barium, 103 

from calcium, 74, 137 

from chromium, 89 

from cobalt, 104, 149, 214 

from copper, 87, 214 

from gold, 158 

from iron, 72, 73 

from lead, 108 

from magnesium, 74, 137 

from mercury, 192, 193 

from nickel, 104, 214 

from phosphoric acid, 83 

from tin, 130 

from tungsten, 197 

from uranium, 196 

from zinc, 109, 215 

Mercury. 

determination os metal, 192 
as mercurous chloride, 192 
as sulphide, 65, 191 
separation of, from aluminum, 
192, 193 
from bismuth, 65, 193 
from calcium and iron, 192, 193 
from cobalt, 193 
from copper and manganese, 

192, 193 
from nickel and silver, 193 
from tin, 65 

Molybdenum, 
determination as sulphide, 175 
separation of, from bismuth, co- 
bait, copper, gold, nickel, 
silver, 174 
from lead, 174, 187 
from phosphoric acid, 177 
from vanadium, 175 
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det«nninatioD of, ai iii«U1, 23 
sepnrAtion of, from alkaliei, 105 

from aotimonj, 109 

from arwnie, 109 

from barinm, 103 

from ealciam, 105 

from cobalt, 02, 104, 107 

from copper, 02 

from gold, 158 

from iron, 01 

from lead, 208 

from magnesiam, 104 

from manganese, 104, 215 

from mercury, 193 

from molybdenum, 174 

from pbospbonif, 174 

from Helen iam, 195 

from tin, 130 

from uraniam, 196 

from vanadium, 175 

from zinc, 62, 108 

Hitrogen. 

determination of, 233, 288 

determination of nitroof acid, 
244, 247 

determination of nitric acid, 
242, 266, 811, 812 

determination of ammonia as 
double chloride with plati- 
num, 39 
fid chloride, 89 

colorimetrio determination, 247 
in Kubfitances containing pro- 
tein, 290 

separntion of ammonium from 
the oxides, 37 

Phosphorni. 

determination in cnst-iron, 221 
indirect determination of phos- 
phoric ncid with ammonium 
molybdate, 25 
08 magnesium pyrophosphate, 

25 
with metallic tin, 115, 280 
volumetric determination, 117 
in presence of aluminum and 

lerric oxides, 279, 280 
in presence of sulphuric acid, 
189 
determination in substances not 

decompo{>ed by ncids, 83 
separation of, from bismuth, co- 
balt, copper, gold, iron, 
lead, nickel, sil?er, sine, 173 



Phoaphnnu, fcparatioB 
from tttaaiom, 214 
of pbocphorie aeid from ^ 

alkalies, 115 
from alaminom, 83, 115, 2S 
from ealeiara, 83, 114^ 115 
from flaorine, 115 
from iron, 83, 115, 258 
from magnesiom, 83, 115 
from mangmoeae, 115 
from molybdenum, 176 
from TanadiuB, 175 



Potmfimw. 

determination as chloride, 31 

aa potassiam-platinam ehlo- — 
ride, 42 

as salpbate, 37 

in snbiBtaneea not deeomposecK. 
by acids, 144, 147 
indirect determination of potas- 
sium chloride in presence of 
sodiam chloride, 43 

of potassium sulphate in pre- 
sence of flodium anlphate, 
47 
Tolnmetrie determination of po- 
tassium carbonate, 309 
separation of, from aluminum, 
37 

from barium, 45, 103 

from boracic acid, 120 

from calcium, 105, 1 14 

from chromium, 31 

from cobalt, 105 

from copper, 105 

from gold, 158 

from iron, 105 

from lithium, 106, 274 

from magnesium, 45, 271 

from manganese, 105 

from nickel, 105 

from phosphoric acid, 115 

from sodium, 41, 47 

from uranium, 196 

from all the remaining oxides 
by means of barium hy- 
drate, 271 

Selenium. 

determination as metal, 195 
separation of, from antimony, 
arsenic, barium, bismuth, 
calcium, cobalt, copper, 
iron, lead, magnesium, 
nickel, silver, strontium, 
vanadium, 195 
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Uoon. 

determination of silioio aoid, 

91 
in silicates decomposed by 

acids, 123 
in silicates not decomposed by 

acids, 143 
separation of silicic acid from 

barium sulphate, 139 
from boracic ocid, 154 
from carbon, 206 
from fluorine, 1 16 
from gangue, 84 
from iron, 82 
from lead sulphate, 186 
from silver, 186 
from sulphur, 132 
from stannic oxide, 148 
from titanium, 125, 213 

ilver. 

determination as chloride, 47 

by cupellation, 186 

of chloride in presence of 
silicic acid, 185 

in presence of carbon, 176 
separation of, from antimony 
and arsenic, 170 

from bismuth. 202 

from copper. 47, 202 

from gold, 187 

from lead, 186 

from mercury, 193 

from molybdenum, 174 

from phosphorus, 174 

from selenium, 195 

from vanadium, 175 

Bodinm. 
determination as chloride, 26 
as sulphate, 46 
of sodium chloride in presence 

of potassium chloride, 43 
in substances not decomposed 

by acids, 144, 147 
of sodium sulphate in presence 

of potassium sulphate, 47 
of sodium carbonate in mine- 
ral waters, 272 
of sodium carbonate from car- 
bon dioxide liberated, 301 
determination of sodium carbo- 
nate in presence of sodium 
hydrate, 307 
volumetric determination of so- 
dium carbonate, 304 



Sodium — 
separation of, from barium, 45, 

103 
from boracic acid, 120 
from calcium, 105, 114 
from cobalt, 105 
from copper, 106 
from gold, 158 
from iron, 105 
from lithium, 274 
from magnesium, 45, 271 
from manganese, 105 
from nickel, 105 
from phosphoric acid, 26, 115 
from potassium, 41, 45 
from the remaining oxides by 

means of barium hydrate, 

271 

Strontium, 

determination of, as sulphate, 28 
separation of, from barium, 29, 
270 

from calcium, 28 

from gold, 158 

from magnesium, 29 

from selenium, 195 

from sulphuric acid, 29 

from uranium, 196 

Sulphur. 

determination of free, 313 
of sulphur in sulphide", 111, 
133, 156, 157, 170, 191, 220 
in fuel, 299 
determination of sulphuric acid 

as barium sulphate, 15 
volumetric determination, 240, 
311 
in substances not decomposed 

by acids, 83 
in presence of hydrogen sul- 
phide, 255 
separation of sulphuric acid 
from barium, 40 
from calcium and strontium, 
29 
determination of hydrogen sul- 
phide, 134, 218 
Yolumetrically, 253 
gravimetrically in mineral 
waters, 255 
determination of hyposulphur- 
ous acid, 255 
in presence of hydrogen sul- 
phide, 255 
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Tellurinm. 


Uranium. 




ieparnlion of, frora rannganeMt 


BcpnrMlon of lollurium from 


IB- 


bi,rt.ulh, m 


determination Biaranauaoxidt, 


rrumgold, lOJ 


IBA 






Titanium. 


alkiiline earth a. aobnit, 


delerminnlion ot, «i titnnic sold, 






Tine. lOB 


»l,nratiun of, ft-om chromium, 




iron, a 13 


Tanadium. 


from fllioio aoid, 115, 313 




(roBi nlinniDum and pborpbo- 


176 




separation of, from bifmnth, ITi' 




from cobftlt, copper, gold, 


Tin. 


le,.d, 17S 


determination ot, u lUnais ox- 


from moijbdenam, IN 


ide, 51 


from niokel, 175 


in iuh!lan»9 not decompiled 


from phoaphorio Dcid, 176 


b; noidx, 10 


from (elenium, 195 


iepnrnlion of, from iintiiDony,fl5 


from silver, 17B 


from nraenio, 68 




from bijmQth. 64 


Zino, 


fromoadmiDin, 64 


determinntion of, as oxide, IB 


from mippe r, 5S, 63 


luxulphide. IB 


from iron, 70 


Tolumetrie determination. tlO 


from lB»d, 54, 63 






HB 


from merour;. 65 


from antimonj. uraeaio, 10< 


frcmnickBl, 1311 


from DBdminm. 108 


from iiliuio acid. 149 


frnmoobnlt, I6S 


from due, 63 


from copper, 50, 51 




from iron, 108 


Tnngston, 




()iil.rmmiit;an a> tuDgatic ncid. 


from nickel. 62. IBB 






by tncntia of merouroug ni- 




trnte, IflB 


from tin, 63 


■epiirntion of tungsten froto OiJ- 




olum. IflT, 19a 


ZilDODilim. 




determinntion ni oxide, 15e 


frnm ?rnn!°lfl7 


aepiiration of, from OBlciuia, IS*I 


from mngneaium, IB7, lOS 
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■ uma imp. Svo. Toi., oiotb. S& 00. {JhA irntJ ) 

BB0WH8 IBDSAR A.) HOW TO USB TUk OPHTHALMOSCOPK. 
Bleacaui; InttrneiiDB in Ophibftrmofcop; for the I'n D(6«Bdcp|iU 
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BubjrctB and terms of Anatomy, Physinlogy, Pathology, QygieDU 
Therapentioa. Pharmacologj, Pharmnoy. Surgery. Obstetrici, M«Ueiilj 
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FABQUHARSOH lUOBERTJ. A GUIDE TO THERAPEUTICS. 
I'^r.o'd Amerionn edition, revieed h^ tbe nathor. Edited, with ad- 
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FLIHT (4D8TIII). A TREATISE ON THE PRINCIPLES AND 
, PRACTICE OP MEDICINE. Fifth edition, Ihoruugbly reviaed 
and mach improved. In one large Svo, volume of about II DO pngee. 
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MENT OP DISEASES OF THE HEART. Second edition, enlarged. 
In one neat Bvo. vol. of over 500 pages, fi 00. 
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Ti^IS. In one 13mo. vol., cloth, «1 15. 
QLVaS (GOTTLIEB). ATLAS OF PATHOLOGICAL HISTOLOST. 
Trnnfilntiid bj Juenph L«ld;, M.D., FrnresBor of An ' ' ' 
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' Tols. of about lOUO pages, le&LDer, $0 50 

HAmILTiIN (ALLAH MoLAHl). NGRVOUS DieEASES, TBEEI 
DESCRIPTION AND TREATMENT. In one handsome Sto toI, 
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pogea, Clotb, 88 oanti. [Lately iantd.) 

rDSON (A.) LECTDREB ON THE STUDY OF FEVER. 1 vol. 
8<>o..3iepagai, Clolb.llGO, 
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